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ABSTRACT 
Test-flight procedures for the amateur-built helicopter are presented. Test 
methods were acquired from acceptable practices for flight testing Normal Category 
Rotorcraft, Amateur-Built Aircraft and Ultralights. These acceptable practices were 
modified to overcome the challenges faced by the amateur-built helicopter test pilot. 
These challenges include limited in-flight instrumentation. A significant modification 
of procedures was to establish a methodology of flight testing using collective control 
stick position as an indicator of power during performance testing. Additionally, this 
procedure provides a method structured to overcome limited instrumentation during 
testing of stability and control. In-flight test data of a United States Army OH-58 was 
used to verify the relationship between collective position and engine shaft horsepower 
required (ESHP rcq) could be used to provide a means of estimating power usage. 
Percent of collective stick position and ESHPrcq required were 'reduced' and analyzed. 
It is concluded the curves developed by plotting percent collective position were similar 
to ESHP rcq curves in the speed range of interest (below 90 knots) and allow for 
acceptable practices of data reduction to be employed using percent of collective stick 
position. The recommendation is that these test methods be adopted by the 
Experimental Aircraft Association (EAA) for supervised field-testing of amateur-built 
helicopters with limited instrumentation. 
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On August 1 ,  1988, Federal Aviation Administration (FAA) Administrator T. 
Allen McArtor and Experimental Aircraft Association (EAA) President Paul H. 
Poberezny signed a Memorandum of Agreement that addressed the need for educational 
and safety programs to assist amateur-builders in test flying their aircraft. In 
accordance with that agreement, Advisory Circular (AC) 90-89A, 11Amateur-Built 
Aircraft & Ultralight Testing Handbook, .. was published by the FAA on September 18, 
1 989. The FAA, as part of its continuing efforts to improve the safety record of all 
types of general aviation aircraft, revised this circular to include flight-testing 
recommendations for canard-type and ultralight aircraft.[ I] The revision was published 
on May 2 4, 1 99 5  and is the most current document available. The revised circular does 
not address the specific topics necessary for flight testing amateur-built helicopters. In 
the fall of 1 998, a member of the EAA's flight advisor program brought the situation to 
the attention of the University Tennessee Space Institute (UTSI) Flight Research 
Department and informally requested assistance in the development of a reference 
publication similar to AC 90-89A targeted at the amateur helicopter builder. This 
document is the result of that request. 
Method of Research 
The information contained in this report is the result of researching commonly 
accepted airplane and helicopter test procedures, both military and civilian, and 
adapting them to a structure focused on risk mitigation and tailored to the amateur 
helicopter builder. Limited modifications to test procedures are required because of 
small Center of Gravity (CO) and Gross Weight (OW) ranges. General performance 
and stability and control characteristics do not vary significantly from those typically 
found in commercially produced aircraft. 
Scope 
This paper is designed as a reference document to assist the amateur helicopter 
builder in preparing and conducting a flight test plan. The two main goals of this paper 
parallel the goals of AC 90-89A on which this paper is modeled: 
( 1 )  To make the amateur built helicopter pilot aware that flight-testing 
is a critical undertaking, which should be approached with thorough planning, 
skill, and common sense. 
(2) To provide recommendations and suggestions that can be combined 
with other sources on test flying (e.g., the aircraft plan/kit manufacturer's flight 
testing instructions, and other flight testing data). This will assist the amateur 
owner to develop a detailed flight test plan, tailored for their aircraft and 
resources.[!]: 
The test procedures and recommendations presented in this thesis are for a 
conventional, single main rotor helicopter with a single tail rotor. The powerplant can 
be a 2 or 4-cycle internal combustion engine. The format used in the chapters 
2 
containing specific guidance on flight-testing is adopted directly from AC 90-89A, 
wherever possible. 
Flight Test Planning 
The importance of flight test planning cannot be overstated. The paramount 
concern during any flight, especially during flight testing, is the safety of the flight crew 
and the ground support personnel. The key to risk management is knowledge, planning, 
and execution.[2] Once created the test plan becomes a working document from 
which, testing is managed and crew briefings are conducted. The plan will defme each 
test and the method employed, test conditions, including the test envelope, helicopter 
configuration and loads. The FAA states the following with respect to flight-test 
planning in AC 90-89A, and it is worth repeating: 
The flight test plan is the heart of all professional flight-testing. The plan 
should account for every hour spent in the flight test phase and should be 
adhered to with the same respect for the unknown that all successful test pilots 
share. 
The most important task for an amateur-builder is to develop a comprehensive 
FLIGHT TEST PLAN. This PLAN should be individually tailored to define 
the aircraft's specific level of performance. It is, therefore, important that the 
entire flight test plan be developed and completed BEFORE the aircraft's first 
flight.[ I ]  
The first step an amateur helicopter builder must take in developing a safe and complete 
flight test plan is to thoroughly research all the information available about the test 
helicopter. As a minimum, research should include review of accident/incident reports, 
consulting other owner/builders, and contacting the manufacturer for the latest 
3 
information available. Accident/incident infonnation is available from the FAA, EAA, 
and the National Transportation Safety Board (NTSB).[l ]  A list of  names of other 
owner/builders is available through the EAA and individual helicopter manufacturers. 
Manufacturers should also be consulted for the latest information and maintenance 
teclmiques available. The Revolution Helicopter Corp, for example, recently published 
a compilation of Mini-500 accidents and incidents as of December 31, 1998.[3] This 
publication, which is available to the general public, can assist the prospective test pilot 
in avoiding the pitfalls and maintenance problems experienced by other owner/builders. 
The Revolution Helicopter Corp. also publishes and distributes a quarterly maintenance 
newsletter entitled, "Reaching the Customer", to owners of Revolution Aircraft.[4] This 
newsletter is filled with advice and the latest developments from Revolution Helicopter 
Corp., and includes experiences and recommendations from registered owner/builders. 
An additional resource for research is aviation periodicals. USAviator magazine has 
been tracking the progress of the Revolution Mini-500 and published unfavorable 
opinions. [ 5] 
The next step is to tailor a test plan according to the expected usage of the test 
helicopter with the assets available for testing.[2] The concept of flight testing is to 
identify the applicable variables (e.g. airspeed, altitude, gross weight, etc.) for a given 
condition based on sound theory and appropriately applied assumptions. The flight test 
is conducted by incrementally changing one parameter, while holding the other 
variables constant, and observing the result. The process of incremental build-up is the 
4 
foundation of risk mitigation for flight-testing. Incremental build-up is the process of 
proceeding from the known to the unknown and from lower risk to higher risk, in an 
incremental, methodical approach. The test plan developed in this manner should begin 
with the best documented, least hazardous flight profile and proceed to the more 
hazardous tests, with the aircraft limits, pilot limits, and test limits clearly defined. The 
test flight will require an experienced pilot. The workload involved in properly and 
safely conducting a test flight can only be achieved by a pilot with the skills necessary 
to conduct a thorough crosscheck while safely piloting the helicopter. The test 
conditions, with the appropriate limitations, are planned as part of the flight test. The 
weather conditions should be as good as practicable to reduce variability in the flight 
test results. A weather limit for test flights should be set to no less than a 3000 feet 
ceiling and 5 miles visibility. Test flights are planned to reduce the chance of surprises 
occurring during the flight. If unexpected results are encountered during any test 
activity, the test should be terminated immediately, and further flights are canceled until 
the results are analyzed and explained.[2] No-on-the spot modifications are made to the 
plan during the flight. Once the flight is planned, there is no deviation from the plan. 
The test plan should clearly state the limits to which aircraft performance and stability 
and control testing will be conducted. For example, every member of the test team 
should be familiar with the maximum speed to be tested during any test or the severity 
of a response to control that will require the testing to be termination until an analysis of 
the response is performed. 
s 
Goals of Flight Testing 
The goals of flight -testing are the same for all aircraft. Whether a large military 
transport helicopter or a small amateur-built helicopter, the goals of flight-testing are to 
determine the individual aircraft's performance and stability & control characteristics 
and compare them to the characteristics required for the aircraft's intended use. Federal 
Aviation Regulation (FAR) 2 1. 19 1  defines amateur-built aircraft as: 
An aircraft, the major portion of which has been fabricated and assembled by 
persons(s) who undertook the construction project solely for their own 
education or recreation. 
Within the scope of this definition, AC 90-89A states what the goals of an amateur 
builder should be: 
( 1 )  At the end of the aircraft's flight test phase, the aircraft will have 
been adequately tested and found airworthy and safe to operate within its 
established limits. 
(2) Incorporation of the flight test operation and performance data into 
the aircraft's flight manual so the pilot can reference the data prior to each 
flight. 
Handbook (flight manual) performance data includes the maximum performance 
possible for the aircraft and any operating techniques, which affect the helicopter's 
performance.[2] With these guidelines and goals, a safe flight test plan can be 




Adequate preparation to perform a successful test flight must begin long before 
the helicopter is moved to the flight line for the first powered operation of the rotors. 
The process begins when you first read your newly acquired plans on the kitchen table 
and begin to analyze how to build the helicopter.[ 6] It begins by developing an 
understanding of the equipment and other resources required for the construction and 
flight-testing of the particular helicopter that is being built. Information on the specific 
requirements assists the builder in determining where various stages of construction 
may be best accomplished and at which airport to perform initial flight-testing. Chapter 
two is a discussion of topics relating to flight test preparation. Each topic is presented 
as it appears in AC 90-89A. The discussion is limited to items not adequately addressed 
in AC 90-89A for preparation for an amateur-built helicopter test flight. AC 90-89A 
should be reviewed for information applicable to aircraft testing in general. 
Airport Selection 
The airport should have one runway aligned into the prevailing wind with no 
obstructions on the approach or departure end. Hard surface runways should be in good 
repair and well maintained to avoid foreign object damage (FOD) to the rotor 
system. [ 1]  The area on the airfield selected for the final stages of construction must 
7 
allow for overhead equipment to lift the helicopter by the mast to an approximate 6 inch 
skid height. Tie down points must be available that are strong enough to hold the 
helicopter on the ground with full engine power applied. The tie down points must be 
far enough away from other aircraft and equipment to avoid damage or injury in the 
event of component failure. The best location is one that affords protection to the 
surrounding area or is remote from equipment, facilities and personnel activities. 
Testing could be accomplished on the far side of a hill or in an area designed 
specifically for testing. One potential solution is a cage area or pit to capture objects in 
the event they become detached from the helicopter possibly a football stadium or large 
tennis court. The area selected for initial free hover test should be a large paved area 
free of debris, buckles in the pavement and even grass patches. During initial free 
hover testing even the smallest obstacle may prove hazardous by "catching" the skids 
resulting in dynamic roll over.[7] Avoid airports in densely populated or developed 
areas and those with high rates of air traffic. The runway should have the proper 
markings with a windsock or other wind direction indicator nearby.[!] 
Radio communication should be established between the aircraft and ground 
support personnel. The Federal Aviation Administration (FAA) suggests using 
handheld aviation radios in the absence of a fixed radio on the airfield or in the 
helicopter. Because much of helicopter flight-testing will be conducted within close 
range of the airfield, initially any short-range radio can be used; one member of the 




Emergencies and component failure must be expected and well planned for 
accordingly. In Flight Testing Homebuilt Aircraft, Askue states the following regarding 
emergency planning: 
Three areas you need to work on. First, you must develop the 
procedures required for contingencies, such as mechanical problems in flight. 
Second, you must bring your flying skills up to the level you'll need for 
handling your airplane (helicopter). Third, you must develop the attitude or 
mind-set required to avoid problems and minimize risk if they occur. 
Developing emergency procedures consists of two parts - determining 
the procedures and learning how to do them in the cockpit. Sit in the cockpit 
and practice them.[6] 
The amateur builder should not rely on airport personnel or the local fire 
department/crash rescue being familiar with basic helicopter operation. All personnel 
that may possibly provide support should be given as much knowledge as possible to 
ensure the safety of the pilot and ground crew. In addition to the ground crew briefing 
topics covered in AC 90-89A, the following areas should be reviewed [8]: 
a. Minimum safe distance from the helicopter for essential/nonessential 
personnel during operation with the engine running and/or rotors turning. 
b. Always approach the helicopter in a manner that the pilot may see you. 
c. Main rotor droop (i.e. cyclic position or slow main rotor speed). 
d. Tail rotor dangers. 
e. Rotor brake operation, if applicable. 
9 
Test Pilot 
"It is not a question of can it be done, it is a question of how can it be done 
safely." [9] AC 90-89A provides a good initial list of what to look for in the prospective 
test pilot. The EAA flight advisor program can also provide insight as to the 
requirements of a test pilot. "First Flight Follies" [9] provides these additional 
questions for consideration in deciding whether or not you are suited to be your own 
test pilot: 
Do you have any concern about your ability to safely con�uct the first flight? 
How much flight experience do you have, and how current is it? 
Do you have experience in this design or similar types of aircraft? 
Is the aircraft a proven design or a first of a kind? 
Is the engine new or newly overhauled, or is it a used engine that will require 
no particular break-in procedures? 
If you are low time in type or low time altogether, less than 300 hours. You 
should get someone else. 
"Flight Testing Homebuilts" [ 1  0] adds: 
"Don't let emotions and foolish pride override your better judgement. 
You spent years and a lot of money building the airplane and too much is at 
stake to risk EVERYTHING now." 
If the builder chooses someone other than themselves to test fly the helicopter, selecting 
a test pilot poses a difficult decision. The number of qualified amateur built helicopter 
test pilots is limited. The builder must not let the challenge of finding the right test pilot 
rush the decision. Once a test pilot is selected, the builder and the test pilot must agree 
on the test schedule and test methods to be used. If the builder and the test pilot are not 
in agreement a new test pilot must be found. Regardless of who does the test flying, the 
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pilot should be proficient in a helicopter as close to the type being tested as possible. 
Medical Facts for Pilots 
Helicopter pilots should give special emphasis to flicker vertigo, carbon 
monoxide considerations and the effects of stress when reviewing the medical facts for 
pilots. Typically, the main rotor will operate in the speed range associated with flicker 
vertigo (4  to 20 cycles per second).[l l ]  Carbon monoxide is a consideration because 
helicopters operate at relatively slow speeds and not always aligned with the wind. The 
result of these typical operating conditions is that exhaust gases can enter the cockpit. 
The impact of stress must be reviewed because the effects may be multiplied for the 
helicopter pilot. Helicopters are classically unstable in a hover.[12]. A 11stressed11 pilot 
may over-react or over-control the flight controls and worsen this unstable condition. 
Transporting the Aircraft to the Airport 
Transporting the helicopter to the airport is a major step toward performing the 
first test flight. The builder should develop a checklist to ensure the helicopter is ready 
to be brought to the flight line.[8] The FAA suggests keeping the audience to a 
minimum during the first test flight. Moving the helicopter for the first time is also a 
time when imposing deadlines or inviting an audience should not be done. An example 
of the dangers associated with moving the helicopter is that if the tail boom is not 
supported correctly misalignment or greater structural damage may result from the 
helicopter having stresses poorly distributed during transport. 
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Assembly and Airworthiness Inspection 
The goal of the assembly and airworthiness inspection is to confirm the 
completion of construction and verify the helicopter is ready to be tested. In some cases 
the helicopter may require partial reconstruction after movement to the test site. Now is 
the time to carefully review the reconstruction. To aid in the inspection, the FAA 
recommends following the manufacturer's instructions or using a checklist by
. 
the test 
pilot as part of the flight test. At the minimum, the inspection should include 
examination for fuel leaks and indication of the fuel quantity, water leaks, oil leaks, air 
leaks in the pitot-static system, control response, instrument markings, seat belt 
installation, radio/avionics operation and general airworthiness. Federal Aviation 
Regulation, Part 43, Appendixes A, B and D provide checklists covering all aspects of 
post-maintenance inspection ranging from major and minor repair to 1 00-hour and 
annual maintenance checks. AC 90-89A provides a generic assembly inspection 
checklist. The builder should review all these sources of information and combine any 
useful ideas with areas identified by other builders of the same aircraft. This will 
provide an extensive and thorough checklist. This inspection should be a full hands-on 
inspection, not just a cursory look. AC 90-89A provides guidance on how to perform 
many of the system inspections. Other useful inspection guidelines are available from 
the EAA and the manufacturer. Once satisfied with the helicopter assembly, have a 
second independent person knowledgeable on helicopters perform the inspection. The 
second inspector should be familiar with the test helicopter.[  1 0] 
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Weight and Balance 
A good weight and balance calculation is the keystone of flight-testing. 
Accurately determining the aircraft's take-off weight and ensuring that the center of 
gravity (CG) is within the aircraft's design limits for each flight is critical to conducting 
a safe flight test. While the gross weight directly affects the power required, the 
location of the center of gravity is a major factor in defining the stability, control and 
trimability of the helicopter. The location of the center of gravity also effects the 
helicopter's attitude during all phases of flight. A center of gravity located outside 
acceptable limits reduces stability and available control power. This condition is 
dangerous and the helicopter should not be flown. Revolution helicopter warns of 
possible vibrations if the CG is too far aft.[13] In most cases, it is not the amount of 
weight (within normal limits) added to the helicopter that can cause a safety problem 
but the distribution of weight. [I] Exceeding CG limits in helicopters may experience 
insufficient cyclic control margins to safely control the helicopter. This can be 
extremely critical while hovering downwind with the helicopter load exceeding the 
forward CG limit.[l 4 ]  The center of gravity range is  combined with the range of 
operating gross weights, from empty weight to maximum gross weight, to define the 
weight and balance envelope for each helicopter. The empty weight and the maximum 
gross weight establish the maximum and minimum limit to the operating envelope. 
While, the forward and aft limit of the operating envelope is determined separately for 
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each weight by the center of gravity limits or possibly structural limits. The forward 
limit is set by controllability. As the center of gravity moves forward more control 
effectiveness is required to lift the nose. The aft limit is typically set by the stability of 
the helicopter. As the center of gravity moves aft the level of positive stability 
decreases. Figure 2.1 shows the construction of the center of gravity envelope. [lS] 
Each manufacturer provides guidelines to perform weight and balance 
calculations for their particular helicopter. Some helicopters are only weighed, while 
others require both weighing and performing a "hang test" (suspending the helicopter 
approximately 6 inches off the ground) to ensure the helicopter is within limits. 
RotorWay requires the hang test where Revolution Helicopter only recommends one be 
performed prior to first flight. 
Most forward e.G. 
at gross weight 
Maximum Gross Weight 
Structural 
Limitation 
' Most forward e.G. � regardless of weight 
-� .0 
E.!! :.Jg -ec:: "'8 �E 
t:.u "' 
I 
Center of Gravity- aft of datum 
Figure 2.1 
CONSTRUCTION OF THE CENTER OF GRAVITY ENVELOPE 
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The location of the center of gravity position of the helicopter is calculated from 
summing the static moments taken about some arbitrary point. These static moments 
are obtained by multiplying each scale reading with its corresponding station position, 
see figure 2.2.[7] The sum of the moments, or total moment, is divided by the 
helicopter gross weight to determine the station of the center of gravity.[16] It is critical 
the stations used for each scale correspond with the datum scheme provided by the 
manufacturer. The center of gravity is calculated for both lateral and longitudinal 
position in each test configuration. A listing of test configurations should be made prior 
to weighing the helicopter. Configurations to be tested include single or multiple 
pilots/passengers, and changes in fuel on board during flight. Fuel usage may change 
the helicopter CO location based on the shape of the tank and the tank location on the 
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helicopter. The helicopter should be weighed at multiple fuel levels, a minimum of 
three, to detennine the effect on helicopter CG. [7] The calibration and weight 
capability of each scale should be confirmed. The helicopter should be weighed at least 
three times while rotating the scales from each position to ensure no significant scale 
errors are present. The weighing should be conducted with the helicopter level, the 
main rotor blades placed in a symmetric position and a no wind environment. A closed 
hangar or garage is the ideal location. The presence of wind may not effect the overall 
gross weight, but may effect the load distribution. For helicopters where limited CG 
ranges exist and determination of more accurate helicopter CG is critical, the helicopter 
should be weighed with flight crew or passengers in the seats. [ 17] Results should be 
calculated to two decimal places to reduce any possible cumulative "rounding error". [!] 
Sketches should be made of all weighing for historical records. [l7] 
The "hang test" is performed by suspending the helicopter off the ground by the 
main rotor hub at an approximate 6-inch skid or wheel height. Doing a static hang test 
will indicate approximately what the ship's attitude will be in the hover. [l8]. The angle, 
which is measured between the main rotor shaft and a line perpendicular to the ground, 
at which the helicopter hangs is compared to the manufacturer's specifications. When 
the helicopter is within the angular limits it is properly rigged and within lateral and 
longitudinal center of gravity limits. [7] Additional information on weight and balance 




The paperwork requirements for amateur-built helicopter do not differ from 
other types of amateur-built aircraft. Accordingly, the recommendations of AC 90-89A 
are valid for amateur-built helicopters. Additionally, Advisory Circulars 20-270 
(Certification and Operation of Amateur-Built Aircraft) and 61-84B (Role of Preflight 
Preparation) provide added depth to assist in complying with the preflight paperwork 
requirements. AC 20-270 is focused specifically to amateur-built aircraft and AC 61-
84B details the role of preflight for all pilots. Both circulars should be reviewed during 
the test plan checklist development. Fulfilling the paperwork requirements also means 
writing the aircraft operator's manual. The amateur-builder must remember to compile 




The purpose of ground testing is to prepare the helicopter for the first flight. 
Ground testing begins with the helicopter fully assembled at the test site with the 
assembly and airworthiness inspections, weight and balance calculations, and preflight 
paperwork complete. While conducting ground testing, the builder will ensure that the 
engine has been "run-in" properly and is safe to operate at all RPM ranges. [!] Engine 
operation includes the fuel delivery system, engine cooling systems, and drive belt 
performance. Additionally, during ground testing the initial control rig is established, 
initial rotor track and balance adjustments are made, engine and rotor tachometers and 
engine instruments are calibrated, and vibration analysis is begun. 
Control Rigging 
Control rigging consists of coordinating the pilot's cyclic and collective sticks 
and pedal movements, in the cockpit, with correct blade angles at the main and tail 
rotors.[19] The blade angle and control lengths are initially set nominally to the 
specifications provided by the manufacturer. The control lengths are then adjusted, if 
required, during flight testing to obtain a balance between pilot control "feel", control 
travel and control margins, blade tracking, tail rotor effectiveness and the main rotor 
speed during autorotative descent.[13] Correct control rigging is vital to safe operation 
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of the helicopter. 
Tie-Down Procedures and Powerplant Testing 
Powerplant "run-in" procedures and ground run techniques differ greatly from 
manufacturer to manufacturer. While one manufacturer provides procedures that "tie 
down" the helicopter during the first run-ups, another utilizes the weight of the 
helicopter to achieve the loading necessary to accomplish engine break-in. FAA 
Advisory Circular 90-89 A states, ". . . the best advice has always been to follow the 
engine manufacturer's instructions." Although this is sound advice, the engine 
manufacturer may not be aware of the specific installation or the performance 
requirement of each helicopter kit. The kit manufacturer should provide specific 
guidance on how to perform any deviations, if required, from the engine manufacturer's 
guidelines. The best source for break-in procedures is most likely a combination of the 
helicopter kit manufacturer and the engine manufacturer. The amateur-builder should 
consult both the engine manufacturer and helicopter kit manufacturer to ensure the 
intent of their procedures followed. 
During the engine break-in many aspects of the helicopter can be evaluated. 
Magneto checks, tachometer and engine instrument calibrations represent a few. 
Engine cooling, the fuel delivery system and even radio operation will be subjected to 
their first use under the stress of the vibrations that occurs during normal helicopter 
operation. "The pilot and ground personnel should expect a problem when the engine is 
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started for the first time (leak in the water, oil, or fuel lines, noise that is not normal, 
etc.) and have a plan to control the situation."[8] The ground crew should be prepared 
with fire fighting equipment (fire hoses, extinguisher, etc.). The ground crew must also 
have well developed and rehearsed emergency procedures to respond to any potential 
problems. During the engine break in, leave the engine access door(s) off the helicopter 
and have someone stand at a safe distance to observe the aircraft and warn you of any 
problems.[13] Each component is being checked to ensure correct response when the 
control is applied.[8] Drive belts, if utilized, are being operated for the first time. 
Proper drive belt alignment and tension are critical to safe operation. The belt track 
should be observed during the first run ups to check the tracking under a load.[13] 
Drive belt inspection and maintenance schedules must be incorporated into the engine 
break-in procedures. Finally, rotor and engine tachometers must be calibrated. An 
external calibrated tachometer is mounted on either the engine or main rotor. The 
internal helicopter gauge is then calibrated, or corrected, to the external gauge. Only 
one of the two requires calibration from the external source. The internal calibrated 
reading is used to calibrate the other (i.e. the engine tachometer is then used to calibrate 
the rotor speed). The engine and rotor must be accurately calibrated to ensure expected 
performance during normal operation and accurate results during flight-testing. 
The manufacturers of the RotorWay Exec 162 and Revolution Mini-500 have 
developed separate approaches to engine break-in and ground testing. The RotorWay 
procedures call for Exec 162 to be anchored to the ground. The anchors must be rated 
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at least 700-800 pounds. Engine loading is accomplished by controlling engine RPM 
and manifold pressure. Manifold pressure and engine RPM are displayed to the pilot on 
instrument panel mounted gauges. The RotorWay construction manual states, "The tie 
down ropes are to insure that all controls are installed correctly and that the weight and 
balance is within limits." The helicopter is secured to the ground using 3/8 inch (or 
heavier) nylon rope. The rope is fastened to the hood bracket after removing the 
doghouse. A general depiction is presented in Figure 3.1.[8] In contrast to a 4-cycle 
engine installed in the Exec 162F, a 2-cycle Rotax engine powers the Revolution Mini-
500. This particular 2-cycle engine provides the pilot no indications of the amount of 
power being used when the engine is operated at a constant speed. The engine was 
intended for use in fixed wing aircraft. In the fixed wing application the power output 
Figure 3 . 1  
ROTORWAY, EXEC 162F TIE DOWN 
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is displayed to the pilot in the form of engine/propeller speed. Because helicopters are 
typically required to operate at constant speed, no direct indication of power output 
required is available in this application. During engine break-in for the Mini-500, 
Revolution recommends overcoming this limitation by hovering the helicopter at a 
prescribed height to provide the desired loading. Revolution provides the following 
guidance in the Mini-500 assembly manual to assist the builder: 
Read your Rotax Engine Operator's Manual. Follow the break in procedures 
that Rotax recommends. The Rotax break-in chart is for use in a fixed wing 
application. To achieve the same loads with a helicopter installation, follow the 
chart in fig. 11. (fig. 11 is presented as Figure 3 .2)[13] 
Even though the Revolution break-in concept has been widely used by Mini-500 
builders in the past, the method is unsafe and should be avoided. The approach does not 
provide the safety margin normally afforded by restricting helicopter movement and is a 
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REVOLUTION HELICOPTER, MINI-500, ENGINE BREAK-IN SCHEDULE 
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departure from normally accepted break-in procedures. "An untested engine in an 
untested airplane doubles the potential for the unexpected happening." [ l O] Because the 
Revolution break-in procedure requires the helicopter to hover and, "Once you're 
hovering, you're flying", (Dr. William Lewis, UTSI) the test pilot will be flying an 
untested helicopter equipped with an untested engine. The following safety precautions 
are found in AC 90-89A, Engine Tests: 
Safety Precautions: Before the first engine run, ensure the aircraft is tied down, 
brakes on, and wheels are chocked. The builder and flight test team should 
wear ear and eye protection. All flight test participants should be checked out 
on fire extinguisher use and operation. During engine runs, do not allow 
anyone to stand beside the engine, or inline or close to the propeller. Making 
minor adjustments to a running engine, such as idle and mixture settings, is a 
very dangerous procedure and should be done with great care by experienced 
individuals.[ 1] 
Although this section is seemingly focused on airplanes, it addresses the FAA's view on 
the importance of securing the test vehicle to safely conduct engine break-in. The need 
to cautiously approach engine break-in can not be overstated. The helicopter should not 
be hovered as part of the break-in process. If hovering is recommended the helicopter 
should be loaded to maximum permitted gross weight +5% and only enough power 
applied to raise the helicopter to "light on the skids". Light on the skids at 1 05% of 
maximum gross weight should provide adequate loading. A system may be devised that 
will allow the pilot to know when the correct height is reached. One method might be a 
spring-loaded weight. By attaching a weight to the bottom of a fish type scale, the 
travel distance can be marked on the scale in a manner that will allow the pilot to be 
aware of the vertical distance traveled. 
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Engine break-in is an important step toward the first flight. The break-in 
procedures must be planned thoroughly, understood by the entire test team and executed 
cautiously to ensure they are performed safely and correctly. 
Blade Tracking and Balance 
The blades are tracked and the rotor systems balanced to provide a smooth ride 
and to reduce vibration loads transmitted to the helicopter. Prior to installation on the 
helicopter the rotor blades are matched and statically balanced. The intent is to begin 
the track and balance process with as favorable conditions as possible. The rotor hub 
may also be balanced statically. In some commercial applications the hub is balanced 
dynamically. Once assembly is completed, blade tracking is performed. The blades are 
tracked initially through proper rigging then adjusted after engine break-in. Next, rotor 
system balancing is accomplished. Even though the blades may be exactly in balance, 
in terms of weight, the system requires to be balanced to equalize the uneven 
aerodynamic loading on each blade as it translates around the rotational path.[20] 
BLADE TRACKING 
"The wheels of a railroad train follow each other-almost always. The blades of a 
helicopter rotor should follow each other, but often do not. Or course, when the train 
wheels fail to track, a wreck is in the making. Out-of-track rotor blades, on the other 
hand, produce only an irritating vibration - but this is enough motivation to interest 
pilots, passengers, and mechanics in getting the system back in track."[12 ] 
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The causes of an out of track rotor system can almost always be traced to effects 
classified as aerodynamic, dynamic or a combination of the two known as 
aeroelasticity. The most obvious reason is when blades identical in shape and weight 
distribution are not attached to the hub at the same angle. This will cause each blade to 
generate a different amount of lift. This is corrected normally by small, incremental 
adjustments to the lengths of the pitch change links (the control links between the 
rotating swashplate and the blades). An additional reason of mistracking is that the 
blades are not identical. The tracking of blades that are not identical can sometimes be 
accomplished by adjustments to pitch 
change link depending on the nature of the 
differences in the blades. However, if the 
differences are in airfoil contour or twist 
distribution, tracking may be done with 
adjustments to tracking (or trim) tabs on the 
blade trailing edge, if installed, or other 
means of blade manipulation. Mistrack can 
also be caused by a difference in chordwise 
balance (a different location of the 
chordwise center of the gravity of the 
blade), see figure 3.3.[12] 
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Figure 3 .3 
TWISTING MOMENT DUE 
TO CENTRIFUGAL FORCE 
Scoping, or determining, the amount the blades of are out of track must be 
accomplished before any adjustment can be made. The methods of determining blade 
track range from the 1930's era method of marking the blades with a paintbrush to the 
most modem technology of a stroboscopic light that "stops" each blade at the same 
place on the tip path plane.[l 2] A paintbrush can be used to mark each blade by 
attaching the paintbrush to a stick long enough to reach the rotor system. The brush is 
raised until it makes contact with one or more of the blades. The helicopter is shut 
down and the blades examined. If the blades are marked equally, then the blades are in 
track. If only one blade is marked, then that blade is flying lower than the others.[13] 
Tracking flags have also been used to record the height at which each blade flies. Each 
blade tip had been previously smeared with a different color paint or chalk, so the color 
order on the flag showed the relative blade position, see figure 3.4.[12] The 
stroboscope is used with different colored or patterned targets mounted under each 
blade tip. The relative position of each blade is determined by light reflected to the 
cockpit by the attached target, see Figure 3.5.[12] The cure for an out of track rotor 
system depends on the cause of the problem; no unique solution will work. Each 
manufacturer has developed a tracking method for their rotor system. Sometimes all 
efforts fail and the blade track will not "come in". In this case the only alternative is to 
"scrap" the blades and restart the process from the beginning. Scrapping the blades 
should be the last resort.[12] The builder should conform to the procedures developed 
by the respective kit manufacturer. 
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Figure 3 .4 
USING A TRACKING FLAG 
Figure 3 .5 
TRACKING TARGET INSTALLED 
ON WESTLAND SEA KING BLADE TIP 
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BALANCE 
With the blades properly tracked, it is time to balance the main and tail rotor 
systems.[13]  The systems are balanced to reduce vibrations. Reduction of rotor 
systems vibrations to acceptable levels is required to improve the "ride" of the 
helicopter and to reduce the loads transmitted to the rest of the helicopter. High levels 
of vibration contribute to crew and passenger discomfort, equipment failures, and 
structural problems.[20] Vibration analysis is performed using either photo cell or 
magnetic pick up instrumentation. Balance readings are taken with the aircraft in a 
hover. Ground resonance (a destructive coupling of blade lead-lag motion with the 
aircraft rocking on its landing gear, [20]) will cause false readings with the aircraft on 
the ground.[13]. The main rotor and the tail rotor must both be balanced. The kit 
manufacturer should recommend the type of equipment best suited for their particular 
model. The analysis equipment will display readings of vibration level and a clock 
angle. The readings are cross-referenced to charts showing the recommended solution. 
Balancing is then accomplished by application of blade weights, hub weights, pitch link 
weights, shims, performing a head shift or a combination of all the methods. The 
builder must be familiar with the use the required equipment and concepts necessary 
prior to attempting to balance the rotor systems. 
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Chapter 4 
Introduction to Flight Testing Concepts 
The performance of a helicopter can be predicted with reasonable accuracy by 
deduction from the physical laws which apply. However, because so many variables 
enter into calculating performance, it is impossible to predict exactly by analytical 
methods. Flight-testing is performed to verify the estimates and assumptions made in 
design and to produce an accurate evaluation of helicopter performance.[21] 
Performance testing evaluates the power required to perform a maneuver with the 
power available.[22] For example, a helicopter may require less power to hover in a 
crosswind aerodynamically, but the crosswind may decrease power available by forcing 
exhaust gas into the engine intake that essentially increases the density altitude at which 
the engine is operating. 
Stability and control and flying characteristics testing involve the qualitative 
evaluation of the helicopter. Using the hovering helicopter again as the example, a 
crosswind limit may exist at which the helicopter cannot maintain an adequate control 
margin (the distance between control position and the "stops") with various loadings. 
The goal of this chapter is to discuss methods for determining engine power available, 
the incremental build-up process known as the "wedge", flight control characteristics, 
and methods to reduce uncertainty in flight-testing. The actual performance testing and 
evaluation of stability and control and flying characteristics will be covered in later 
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chapters. 
Determining Engine Power [2, 28] 
"In order to determine aircraft performance, power available must be measured 
and combined with airframe power required to obtain aircraft performance parameters. 
Key aircraft performance parameters of interest are maximum level flight airspeed, 
hover ceiling, and maximum rate of climb. " [2] The major factors that affect engine 
power available are induction, exhaust, accessory losses, cooling, and aircraft drag. 
Induction losses are caused by poor pressure recovery, heat rise in the induction system 
and poor fuel distribution. "The actual airflow around the helicopter will be very 
disturbed compared to free stream conditions. These disturbances will vary with 
helicopter flight regime such as level flight, hover, and climb." The distortion in flow, 
pressure and temperature, reaching the engine is the measure of inlet performance. [2] 
The two causes of exhaust losses are conflicting pressure pulses from the cylinders and 
excessive muffler backpressure. Induction and exhaust may also reduce the power 
available. Accessory losses are caused by alternators, pumps, and other miscellaneous 
equipment operated by engine power. Improper cooling losses are caused when parts of 
the engine are not cooled evenly. This causes internal engine friction, excessive valve 
leakage, or piston blow-by losses. Drag is caused by the creation of lift, surface 
friction, and in the helicopter case, the blades passing through the air. Flight-testing is 
performed to determine the cumulative effects of these causes and determine the engine 
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power as installed in the airframe. 
The amount of engine power available for an internal combustion engine can be 
determined in many ways. The common methods in use today are the Torque Meter 
Method, the Engine Chart Method and the Fuel Flow Method. Unfortunately, each 
method proves to be impractical for use by the amateur-builder. As a result, a method 
for approximating power with collective position is presented in this thesis. 
The Torquemeter Method is one of the more accurate methods, however, it 
requires the installation of a calibrated torquemeter and an RPM gauge. Ideally, the 
meter is installed at the engine output shaft. This is not always possible and mounting 
the meter on the main rotor shaft should prove equally effective for the degree of 
accuracy required. The Torque Meter Method uses torque readings to determine brake 




eq 4. 1 
- Test brake horsepower 
- Constant for the torquemeter based on dynamometer testing, or as 
defined by transmission or other limitations 
- Main rotor speed 
- Torque reading. 
The best use of the torque meter is to develop an installed power chart. The engine is 
operated at various combinations of manifold pressure and RPM. The manifold 
pressure, RPM and torquemeter readings are taken simultaneously. From this data, the 
change in torque can be determined as a function of manifold pressure for a constant 
RPM. Using equation 4.1, power can also be determined. By substituting power for the 
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combination of manifold pressure and RPM an installed power chart can be made. The 
engine is operated at maximum power to determine the maximum obtainable manifold 
pressure. Once the manifold pressure is determined it is corrected for density effects 
(see power corrections) and then expanded as a function of density. The resulting data 
is combined to determine maximum power available as a function of density and RPM. 
Constructing the installed engine chart will permit removal of the torque meter prior to 
performance testing and thereby eliminate any additional drag on the test vehicle caused 
by the installation of the torque meter. Although most amateur-built helicopters are 
equipped with an RPM gauge, torquemeter installation is typically cost prohibitive. 
The Engine Chart method is used in cases where a�equate engine performance 
charts are available and a torquemeter cannot be mounted or is cost prohibitive. Brake 
horsepower is presented in chart form as a function of manifold pressure, RPM, 
carburetor air temperature and pressure altitude and will require the test vehicle to be 
instrumented accordingly. Ambient air temperature can be used with reasonable 
accuracy when carburetor air temperature is unobtainable. The charts assume the other 
variables not listed above are either constant or act in a predictable manner and fuel 
flow and distribution are the same as that of the test stand engine. Charts are 
constructed using varying manifold pressures at constant RPM. Although the charts are 
not exact, they are reasonably accurate values of engine power. The most accurate chart 
is calibrated for the particular engine installed; however, if one is not available the 
standard engine chart may be used. The Engine Chart Method as described above is not 
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practical by most amateur-builders for two reasons. First, engine performance charts 
for the engines typically installed in experimental aircraft are not produced by engine 
manufacturers to the detail required. Second, 2-cycle engines have been installed in 
some amateur-built helicopters. The manifold pressure of a 2-cycle engine cannot be 
read with reasonable accuracy. 
The third method, the Fuel Flow Method, uses fuel flow. This method requires 
peak exhaust gas temperature to be carefully established at each data point. The engine 
must be fitted with instrumentation to accurately read fuel flow and exhaust gas 
temperature. Instrumentation requirements are impractical. 
The method that is recommended in this thesis uses collective stick position as 
an indication of power. This alternative approach is required because of the limited 
amount of instrumentation typically installed in amateur-built helicopters. The 
amateur-built helicopter is typically found to be only equipped with main rotor speed 
and engine speed gauges, see figure 4.1 .[23] 
In cases where a manifold pressure gauge is installed, limited information is 
made available to builders to correlate manifold pressure with power usage. 
Accordingly, a system of testing is required that may be used unilaterally by all 
amateur-built helicopter pilots. Initially a relationship is formed between collective 
stick position and weight. Using the assumption the thrust produced by the helicopter is 
equal to the weight of the helicopter while in a state of equilibrium (specifically in a 
stabilized hover), weight can be substituted for thrust in the thrust equation and the 
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Figure 4. 1 
MINI-500 INSTRUMENT PANEL 
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- Coefficient of thrust 
- Thrust (measured in pounds) 
- Weight 
- Density (air density measured in slugs/ft3) 
- Rotor disc area. 
- Blade rotational velocity (blade tip speed). 
eq 4. 1 
Using the relationship between power and thrust in coefficient form, the power 
coefficient can be determined, equation 4.2. 
eq 4.2 
Where: 
Cp - Coefficient of thrust. 
The power equation then allows for determination of power, equation 4.3. 
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P =  Cp p Ao (ORi eq 4. 3 
Where: 
p - Power (horsepower). 
It must now be shown that power can be expressed as a function of collective stick 
position. Using the definition of thrust coefficient, equation 4. 4, it is shown the only 
variable contained in the thrust coefficient for a given rotor system is the lift coefficient. 
Where: 
eq 4. 4 
O'R - Rotor solidity ratio (ratio of the total blade area to the rotor disk area) 
t;/ - Average blade element lift coefficient (a dimensionless number 
indicating the efficiency of an airfoil which is determined by angle of 
attack and airfoil design. It is derived from wind tunnel testing.[22]) 
Substituting equation 4. 4 into equation 4.1 shows that given a constant air density and 
rotor speed, helicopter thrust is varied directly with lift coefficient, equation 4. 5. 
( I -) 2 T = 6 O'R Ct p Ao (OR) eq 4. 5 
If all other variables are held constant, lift coefficient varies as a function of collective 
stick position. Therefore, collective stick position can be used to determine thrust 
coefficient. It can be further stated, using equation 4.3, that power is varied as a 
function of thrust coefficient at a given weight, RPM and density because thrust 
coefficient is varied with collective stick position. Because the power coefficient 
cannot be easily defined mathematically, the functional relationship of stick position to 
power coefficient cannot be estimated. The relationship must be determined by flight 
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test. Specifically, it will be determined during hover and climb testing using these 
principles and the power correction techniques detailed below. 
Power Corrections 
Power corrections are required with all test methods when obtaining test data. 
The four power corrections are altitude, non-standard temperatures, humidity 
corrections and full throttle corrections. Richards presents the following observation 
regarding atmospheric corrections: 
Engine analysis shows the engine shaft horsepower available to be adversely 
affected by decreasing atmospheric density such that the power available is less 
at altitude than at sea-level, and at a particular pressure altitude, is less on a hot 
day than on a cold day.£25] 
Pressure altitude corrections are made by setting the altimeter to 29.92 (the setting for 
standard pressure). Non-standard temperatures effect density and are adjusted using 
charts. Humidity can be corrected with wet and dry bulb readings; however, the 
amateur builder should avoid testing on high humidity days. Full throttle corrections 
can be done but complexity results in these corrections being discounted. 
The "Wedge" Approach to Incremental Build-up 
Risk is mitigated while conducting flight test by slowly advancing from the 
flight regime of least risk to that of higher risk or from the known to the unknown. 
Typically, the helicopter configuration of least risk is the lowest possible gross weight 
with a center of gravity located at the center of the permissible range. In the absence of 
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other knowledge as to the flying characteristics of the test helicopter this should prove 
to be the starting point for testing. The gross weight and center of gravity are then 
varied in a manner, known as a "wedge". Once the base line testing is completed, the 
gross weight is increased with the center of gravity remaining at the "centered" location. 
Next the gross weight is returned to the starting gross weight and the center of gravity is 
then varied forward, aft and laterally to include the desired travel range. The effects of 
lateral center of gravity displacements cannot be overlooked, especially during hover 
testing. Testing that is limited to longitudinal center of gravity changes is not sufficient. 
The gross weight and center of gravity are continually varied in this manner until the 
entire range of interest is examined. The desired range of travel determines the size of 
each increase. The larger the range to be tested the larger each step increase. However, 
step size is reduced anytime an area of uncertainty is encountered. Figure 4.2 shows the 
general scheme of progression. 
8 
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Performance testing provides answers to many questions such as how high, fast 
and for how long. Stability, control and flying qualities testing determine the pilot's 
ability to employ the helicopter for its intended use. The stability and control 
characteristics link the cockpit flight controls, through the flight control system, to the 
aircraft aerodynamic response characteristic, which the pilot desires to control. Flying 
qualities is the pilot's perceived results of how easily and accurately the aircraft is 
commanded to perform an assigned maneuver. Stability and control is designed into the 
helicopter to achieve a desired flying quality.[26] Military produced aircraft are 
evaluated using a series of standardized rating systems. The Cooper-Harper Scale 
(handling qualities), Pilot Induced Oscillation Scale and Turbulence Rating Scale are 
just three of the many scales by which each contributed factor is weighed.[27, 26] The 
amateur builder should be satisfied in determining the flying qualities of their particular 
helicopter against a more appropriate scale, "Does the helicopter respond in a 
predictable and acceptable manner?" and, "Are there adequate control margins while 
performing each maneuver." However, a limited knowledge of stability and control 
must still be obtained to perform basic testing. The information presented below is 
focused accordingly. 
Stability is the tendency of an object to return to its original condition following 
a disturbance.[16] In aviation, the disturbance may be caused by pilot action or 
atmospheric phenomena. Atmospheric phenomena can be wind gusts, wind gradients, 
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or turbulent air. The helicopter must have adequate stability such that the pilot does not 
become fatigued while controlling the helicopter to compensate for the disturbances. 
The pilot must also have enough attention remaining to conduct other pilot duties (i.e.,  
operate radios). [27] Stability is either positive, negative or neutral. Positive stability is 
characterized by an object's tendency to return to its original condition following a 
disturbance, see figure 4.3a. Negative stability is characterized by an object's tendency 
to move further away from its original condition when disturbed, see figure 4.3b. 
Neutral stability is when the objects tends to stay in the new condition, or equilibrium, 
neither returning or moving further away, see figure 4.3c. [ l ]  
As well as being described as positive, negative or neutral, stability is evaluated by its 
stability with respect to time. Stability is evaluated for static and dynamic response. 
Static stability is the initial tendency of the object following the disturbance whereas, 
dynamic stability is the tendency of the object as measured over time, see figure 
a. Positive Static Stability 
e � c:) I 
b. Neutral Static Stability 





A helicopter can be statically stable and dynamically unstable, in this case the 
initial tendency of the helicopter would be to return to its initial condition, but as time 
passes the helicopter will mover further away from the initial condition. 
Helicopter control is the ability to direct and vary the magnitude and direction of 
the aerodynamic forces and moments of the helicopter to achieve or maintain a desired 
flight path. The aerodynamic forces are caused by the thrust of the main and tail rotors. 
In large commercial applications, a system of stabilizers may also be incorporated into 
the control system. Control is further defined by the tenns control power and control 
sensitivity. Control power is the amount of moment generated by a unit control input. 
Control sensitivity, or control effectiveness, is the initial acceleration of the helicopter 
in response to the control input. 





of the basic airframe results in decreased controllability. As a general rule, pilots prefer 
controllability over stability, since it permits them to get out of tight spots that even 
very stable aircraft might not get into."[16] This is true, as long as continued 
controllability is not an issue. 
Just as engine power available is required to determine helicopter performance, 
the flight control characteristics must be known to determine the flying qualities. For 
amateur-built helicopters ground testing of the flight control systems consists of 
determining the control envelope. The envelope is determined by measuring the range 
of movement of the flight controls. The measurement is done prior to in-flight testing. 
The helicopter must first be instrumented with a measuring system that will permit the 
flight control positions to be determined throughout the full range of flight control 
travel. This must be done in a manner that will permit the pilot to read the indications 
during all flight regimes. The ease of readability is especially important in amateur­
built helicopters where only one pilot will be involved in flight-testing. The scale used 
for measurement is not significant; data may be collected using the English or metric 
system. Retractable cloth tape measures are recommended because they can be attached 
to the flight controls by means of paper clips and strong tape. The tape measure is 
attached to a paper clip with tape. The paper clip is then secured to the helicopter by 
use of an existing screw hole or fastener hole if possible. The tape measure must be 
secured in such a fashion to allow the cloth tape to move in and out freely. Each tape 
measure should travel from the flight control being measured to the point in a straight 
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line as much as possible with the travel of the control. The cloth tape measure is then 
routed as necessary to allow readability. To achieve an accurate reading an additional 
paper clip is used as a marker. The tape will slide behind the paper clip, in a manner 
that will allow for ease in reading. The collective requires only one tape measure, as 
does the pair of directional pedals. The cyclic requires two tape measures to be affixed 
at 90° from each other along the longitudinal and lateral axis. An example of lateral 
cyclic measurement is presented in Figure 4.5. Each flight control is measured for full 
travel with the off axis controls centered. Consistency in method is key to good results. 
If cross-coupling is suspected, the measurements should be repeated with the off axis 
controls at positions other than centered. The flight control envelope is presented in the 
form of a chart. This will allow for quick reference once flight-testing is begun. An 
example of cyclic control stick travel is presented in Figure 4.6.(2] This example shows 
the cross coupling effects between the cyclic and collective controls of the U.S. Army 
UH-60, Blackhawk Helicopter. 
Uncertainty in Flight Testing [28] 
Many sources of uncertainty affect the accuracy of flight-testing. The ability to 
conduct an accurate flight test program lies in accurately performing each test and 
managing the effects of uncertainty during data collection. An explanation of each test 
method is developed in later chapters. The goal of this chapter is to discuss the source 
and magnitude of errors associated with flight-testing. 
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Figure 4.5 
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Figure 4.6 
CYCLIC CONTROL ENVELOPE 
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Both fixed and systematic errors are found in the instruments used for data 
collection. Additionally, random errors come from the atmosphere, pilot technique and 
errors in reading data/parameters. The most direct method of increasing accuracy is 
multi-sample testing. This significantly increases both time and cost of flight tests. 
One of the goals of flight-testing is to determine the magnitude of error (the difference 
between true value and measured value) in an accurate and efficient manner. 
The first source of error is instrument error. Instrument error can be either 
hysterisis (difference in reading between increasing and decreasing value) or bias 
(difference between hysterisis and the correct reading on a regular basis). Each 
instrument must be calibrated and a chart showing the errors while the gauge is 
increasing and decreasing is made. To reduce the hysterisis error, the corrections to the 
increasing side of the instrument correction chart are used when readings are increasing 
and the decreasing while decreasing. Using the average reading of the correction chart 
minimizes bias error during level flight. An additional source of instrument error is 
reading or distribution error. This is an error caused by indirect viewing of the 
instrument being read (parallax error) or simply taking a poor reading. If possible the 
instrument must be viewed directly, otherwise a correction value must be assigned to 
each reading. The accuracy of reading in general may be improved by reading the 
larger magnitude values prior to reaching the data point (i.e. reading thousands and 
hundreds). Finally, read the most important value first (i.e. airspeed, altitude, engine 
temperature). 
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The second source of error is airspeed and altitude position error. These errors 
are the result of the location of static and pressure sources on the helicopter. As the 
helicopter changes speed and altitude the pressure field around the helicopter changes. 
The pitot-static instrumentation senses the local pressure field. This will not necessarily 
reflect the ambient pressure conditions. This error is at best minimized by multi-sample 
testing. Testing is perfonned at incremental speeds throughout the speed range. 
Airspeed and altitude correction techniques are widely available. The method of 
correction available in AC 90-89A is applicable for helicopters as well as airplanes. 
However, the test distance may be shortened to not less than 0. 2 5  miles for the slower 
speeds of the helicopter. [ 2] 
Atmospheric conditions are a large source of random errors during flight-testing. 
Temperature inversions, non-standard lapse rates and turbulence will introduce 
unpredictable and uncorrectable errors in the data. Testing in these conditions must be 
avoided. Wind changes during climbs and descent testing are also a source of error. 
This is corrected by climbing at right angles to the wind and descending in the opposite 
direction and then averaging the two speeds. Humidity or water vapor in the air, in the 
first three to four thousand feet of altitude will cause a disparity in data taken at higher 
altitudes. Testing should be avoided on high humidity days. If testing must be 
perfonned, taking the wet and dry temperature at each altitude and calculating a 
corrected density ratio (ratio of air density between test conditions and standard values 
[ 2]) must be done. 
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Pilot technique will result in variability of the data. The pilot must be given the 
opportunity to stabilize and trim the aircraft at each data point. The pilot should operate 
the aircraft with the control friction off. This will reduce errors from friction breakout 
during flight. Friction breakout should be determined statically prior to flight-testing. 
To reduce pilot workload, create a checklist of each test to be completed, data needed at 
each point and aircraft configuration being tested. 
An additional source of errors is inaccurate thrust or power determination. The 
difference between the amount of power being used can range from +5% to -2%. To 
overcome this error, the engine inlet temperature must be known if possible and the 
each engine should be tested as installed in the test vehicle.[28] 
Although there is no way to isolate the effect of any one error, Dr. Ralph 
Kimberlin provides the following common sense tests to determine the validity of the 
test data: 
1 .  Consistency Test - There should not be large discontinuities in a smooth 
data curve, this does not mean there will be no scatter. 
2. Test Against Theory - test results should generally agree with the test 
theory. Beware however, some test are based on simple assumptions that may 
be violated during actual flight test. 
3 .  Correlation Test - Does the data correlate with data of the same type? From 
pilot to pilot? From test method to test method?[28] 
The final process is to apply statistical analysis to the remaining scatter (i.e. least square 
approach). The data may be weighted to obtain more realistic results (i.e. if you know a 




Helicopters have the unique capability of vertical and low airspeed flight.[ 26] 
To effectively use this capability, the pilot needs to know how well the helicopter 
performs with varying combinations of weight, altitude, temperature, wind (azimuth 
and velocity) and the height the helicopter is to be hovered above the ground. The 
ability of a helicopter to perform any maneuver depends on the power required to 
perform the maneuver and the power available during its execution. [ 2 2] In addition to 
the power requirements, helicopter stability and control, and flying qualities delineate 
the envelope the helicopter can be safely operated. In this chapter, the evaluation and 
effective documentation of hover performance, stability and control, and flying 
characteristics of the helicopter will be discussed. 
Performance Testing [2] 
General 
To accurately conduct performance testing, the test team must be armed with an 
understanding of the theory used to develop each test. Without this knowledge, the test 
team may not complete the tests acceptable. The theory is explained sufficiently to 
develop an understanding of the test techniques presented. 
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Hover Theory 
The total power required for a single main rotor helicopter at a hover is the sum 
of the main rotor power (PMR), tail rotor power (PTR), accessory power (PAce), and the 
transmission (or gear box) losses (Ploss) involved in transmitting this power. Total 
power required can be expressed as: 
PTotal = PMR + PTR + PAce + Ploss eq 5. 1 
The major portion of the power being produced by the engine required to drive 
the main rotor, approximately 85%. The remaining 15% is required to drive the tail 
rotor and accessories and overcome mechanical inefficiencies (PTR + PAce + Ploss). The 
main rotor power required to hover is the sum of induced power (Pi), approximately 
60% and profile power (P 0), approximately 25%. Induced power is power required to 
develop thrust. Profile power is power required to rotate the rotor blades against the 
viscous (sheering stress that restricts fluid flow [29]) action of the air. Main rotor 
power can be written as: 
eq 5.2 
By combining equations 5.1 and 5.2 total power required can be expressed as: 
PTotal = Pi + Po +  PTR + PAce + Ploss eq 5.3 
Momentum theory is used to examine induced power. The momentum theory of the 
rotor visualizes the thrust created as a reaction to the force required to accelerate the air 
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mass through an ideal actuator disc (or rotor system). The analysis affords a simple 
solution to the induced power required by making some simplifying and restrictive 
assumptions. The results are approximations because of the many differences between 
an ideal actuator disc and the physical rotor system. However, many useful 
relationships are produced. Corrections are applied to the results to account for the 
major discrepancies. Induced power in a hover is: 
Where: 
Pi - Induced power 
T - Thrust (measured in pounds) 
p - Density (air density measured in slugs/ft3) 
Ao - Rotor disc area. 
eq 5. 4 
Blade element analysis is used to examine profile power. To examine the effects of 
induced velocity on the aerodynamic reactions at the blade; an element is cut out of a 
hovering rotor at an arbitrary radius (r) from the center of rotation. The blade element 
resultant aerodynamic force ( dR) acting on the blade element is composed of two 
components: the blade section lift, which is normal (or perpendicular) to the local 
resultant velocity through the rotor (V R); and the blade element profile drag which is 
parallel to the local velocity. These two components of the resultant force are 
predictable aerodynamically. The force required to overcome profile drag, or torque 
force, is determined by integration (summing of all individual elements) along the 
blade. Profile power in a hover is: 
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Where: 
Po - Profile power 
eq 5.5 
O'R - Rotor solidity ratio (ratio of the total blade area to the rotor disk area) 
C"do - Average blade element profile drag coefficient (a dimensionless 
number indicating the drag inefficiency of an airfoil that is determined 
by angle of attack and airfoil design. It is derived from wind tunnel 
testing and assumed constant for the entire blade.[22]) 
p - Density 
Ao - Rotor disc area 
!lR - Blade rotational velocity (blade tip speed). 
By substituting equations 5.3 and 5.4 into equation 5.2, main rotor power can be 
written: 
� I - 3 PMR = V2PAD + 
-8- O'R Cdo P Ao (!lR) eq 5. 6 
The losses due to mechanical inefficiency are also subject to examination. The 
loss to accessories (PAce) is the engine power supplied to pumps, generators, cooling 
fans, etc., necessary to operate the auxiliary systems in the aircraft and may vary 
widely depending on the loads imposed by the accessory systems. The transmission 
losses (Ploss) are a result of friction in the drive train and are primarily a function of 
rotor speed (NR), thus remaining approximately constant for the helicopter. The tail 
rotor power (PTR) is included in mechanical inefficiency but is really not a constant 
value. Since the main rotor and the tail rotor are subjected to power effects 
proportionally, tail rotor power can be assumed to be represented by a percentage of 
main rotor power [25]. 
The assumption is made that thrust (1) is equal to weight (W) in a hover. By 
so 
substituting thrust in equation 5.6, main rotor power is: 
Where: 
w 
� I - 3 PMR= �  + 8 GR Cdo P Ao {!lR) 
- Weight. 
eq 5. 7 
Using the ideal (minimum) induced power, and expressing power to hover in coefficient 
form. Power and thrust required to hover can be expressed as: 
And: 
Where 
p Cp = p Ao (ORi 
T CT =  p Ao (nRt 
Ho - Density altitude 
NR - Main rotor speed 
= f( RSHP, Ho, �R J 
= f (w. Ho, --k] 
RSHP - Rotor shaft horsepower (main rotor power). 
eq 5.8 
eq 5.9 
The relationship between power and thrust can be expressed in terms of nondimensional 
coefficients as: 
eq 5. 1 0  
Figure of Merit 
The efficiency of a lifting rotor is determined by comparing the actual power 
required to produce a given amount of thrust with the minimum power required to 
produce that thrust. The minimum amount of power required to produce a given 
amount of thrust is obtained with an ideal rotor where induced power is minimum. The 
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ideal rotor is given an efficiency and a figure of merit (M') of 1 .  Using the assumptions 
made to determine the figure of merit, it can be further shown for a particular value of 
rotor solidity and profile drag coefficient, the figure of merit increases with increasing 
thrust coefficient. Figure of merit expressed in coefficient form is: 
M' = eq 5. 1 1  
Referred Hover Performance [2] 
Referred data is test day data corrected for the differences in ambient 
temperature and pressure from standard temperature and pressure during testing. 
Performance data is referred to reduce the number of data points required during data 
collection. Additionally, referring test data provides for extraction to conditions other 
than those tested. The test day values of air density, rotor tip speed and helicopter 
weight do not generally correspond to a set of standards for which the data is desired. 
By determining the values of thrust and power in nondimensional terms and multiplying 
them by the nondimensionalizing terms (standard values), the results of can be 




W s - Weight standard 
eq 5. 12 
eq 5. 13 
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Ps - Standard density 
nRs - Standard blade rotational velocity 
RSHPs - Standard rotor shaft horsepower. 






PT L QRT 
ESHPs - Standard engine shaft horsepower 
WT - Standard weight 
ESHPT - Test engine shaft horsepower 
PT - Test density 
QRT - Test blade rotational velocity. 
eq 5. 14 
eq 5. 15 
The above equations are used with sea level standard conditions to determine the 
referred values. The benefit of using the referring system is efficiency. It eliminates 
the need for large amounts of data. Referred power can be either engine or shaft 
horsepower. The use of shaft horsepower does not include the mechanical losses, but 
the assumption that tail rotor power varies directly with main rotor power allows for 
suitable extrapolated hover performance to be determined. 
Compressibility Effects and Ground Effect 
Compressibility is an aerodynamic phenomenon that causes an abrupt and large 
increase in drag as the velocity of an airfoil approaches the speed of sound. The effects 
of compressibility are normally associated with high forward airspeed but may be 
noticeable with combinations of high altitude, cold temperature, or high values of 
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thrust. A detailed discussion of compressibility should be of little interest to the 
amateur builder. 
Ground effect for a hovering helicopter can be defined as the change in power 
required to hover as the distance between the rotor disk and the ground decreases. As 
the distance between the hovering rotor and the surface decreases the flow pattern of air 
through the rotor changes. The result is a change in effective angle of attack as the ratio 
of height to rotor diameter decrease. This is typically favorable for helicopters by 
reducing the power required, see Figure 5.1. [2] However, exhaust gas reingestion 
occurs as the pressure field around the helicopter changes and dilutes the air entering 
the engine with the products of combustion and reduces engine performance. Different 
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Figure 5.1 
POWER REQUIRED DURING HOVER 
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Test Method 
The test method presented here is the free flight hover method. The objective 
of the hover test is to obtain power required to hover the helicopter. The test is based 
on varying one or more of the parameters found in the coefficient of thrust equation, 
equation 5.9. The number or combination of parameters varied is based on the 
constraints of each helicopter and the ability to test at altitude. The three parameters 
that can be varied are weight, altitude and rotor speed. Weight is assumed equal to 
thrust and is relatively easy to vary. The helicopter is loaded with ballast incrementally 
over the desired range of helicopter gross weight. Altitude may be the most difficult of 
the three to vary. Receiving authorization to leave the local test site, combined with the 
task of locating a test site at altitude may prove to be difficult and costly. However, to 
accurately determine how the helicopter will perform at altitude will require altitude 
testing. Typically, testing is only accurate to three thousand feet above the density 
altitude tested. Rotor speed is the third variable. The ability to vary rotor speed 
provides an extremely useful and rapid method of obtaining a number of different 
values of CT. This test must be performed in a no wind condition. If wind speed 
exceeds three knots, the assumptions made in formulating the test are no longer valid. 
The introduction of wind causes a change in the induced flow to the rotor system and 
will unpredictably change the hover performance. There are no techniques to correct 
for wind. 
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An additional consideration is power train oscillations. Power train oscillations 
are typical and to be expected. The pilot has two options to reduce their effects. First, 
when the pilot is at the most stable hover possible the controls should be momentarily 
fixed and data recorded. Or the second option is to adjust the collective to maintain an 
exact hover height and then estimate the reading during the oscillations. While using 
either method, the oscillations must be recorded and averaged. 
The simplest way to complete the free flight hover test, if only one test location 
is to be used, is to test the aircraft at two or three gross weights and incrementally vary 
the rotor speed to three or four speeds within the prescribed operating limits. [2] The 
gross weights selected should be as light as possible, as heavy as possible and some 
intermediate weight. The test must be repeated at each hover height of interest. At this 
time, no method of interpolation is available between hover heights. To achieve a more 
precise hover height a weighted line may be suspended from the helicopter. The length 
of the line is adjusted so that the weight is just touching the ground at the desired hover 
height. Careful planning is required to achieve positive control of the weighted line at 
all times. An unskilled pilot should not perform this testing. A pilot with poor 
command of the helicopter will reduce the reliably of the test data, and may create an 
unsafe test environment.[2] 
Flight Data Card 
To reduce pilot workload and ensure all data necessary is collected during 
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testing; data cards should be made prior to each flight. The cards should list all data 
points to be tested and the data required at each. [28] The following data is required 
during normal hover performance testing: Engine torque or manifold pressure, rotor 
speed, pressure altitude, inlet temperature, free air temperature and time. Gross weight 
must be recorded at the beginning and the end of the flight. The difference should be 
the fuel used. This should be averaged over the length of the flight unless fuel use can 
be accurately obtained and recorded during flight. The same stick used to calibrate the 
fuel tank should again be used to determine the amount of fuel remaining in the fuel 
tank before and after each flight. If the tank is translucent, it may also be possible to 
incrementally mark the tank to show the amount of fuel remaining. A preferable 
method of recording data is to record the data on a voice recorder. [!]  A portable tape 
recorder can be added in series with a headset as part of the helicopter's intercom 
system. In this case, the pilot would talk into the intercom system and the data will be 
recorded. Tape recording does not reduce the amount of data required, but serves as a 
way of reducing pilot workload, by eliminating the need for hand recording data. 
Amateur-Built Helicopter Hover Performance Testing 
The technique recommended for performance hover testing is a modified 
version of the traditional free flight hover technique. Because engine power available 
and engine power required can not be readily assessed, an alternative method of engine 
power evaluation is required. Therefore, collective stick position is determined as a 
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function of gross weight, air density, and rotor speed at each selected hover height. 
Using the concepts employed in the free flight hover technique described above, percent 
of collective stick travel is referred and then normalized to conditions of interest within 
the acceptable range for conditions tested. 
BACKGROUND 
To validate this method variation, data obtained from the Airworthiness and 
Flight Characteristics Evaluation. OH-58C Interim Scout Helicopter and the Operator' s 
Manual. Helicopter. Primary Trainer TH-55A was reviewed. [30, 3 1] First, using the 
method of determining the change in power available for a normally aspirated piston 
engine due to a change in density altitude, the change in power available for the TH-
55A was estimated and confirmed at various density altitudes, see Appendix A, Table 
A-1.[28] The extreme error was 2.2% at a density altitude of 1 2440 feet; however, it 
should be noted this also includes a 40°C departure from standard temperature. This 
should prove adequate to the amateur-builder. Second, the change in collective position 
of the OH-58C was reviewed during forward flight to determine if the method of 
referring performance would provide usable expanded data. Specifically, percent of 
total collective stick travel and maximum engine shaft horsepower were referred and 
plotted versus referred true airspeed. Data reduction was accomplished using the Level 
Flight Data Reduction Worksheet, see Appendix A, Tables A-1 through A-VIII and 
Figures AI  and A2. The Level Flight Data Expansion Worksheet was then used to 
determine the level flight performance. Data expansion was repeated, once for 
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collective position and once for ESHP, see Appendix A, Tables A-IX through A-XI and 
Figures A3 and A4. Although no mathematical relationship could be readily formed 
between stick position and power or thrust, the trend to changes in collective position 
was predictable using the method of data referral normally used for engine shaft 
horsepower referral. From the data expansion maximum range and maximum 
endurance airspeed could be readily determined. The speeds determined were within 3 
knots of the speed determined by standard methods. The changes to stick position can 
also be accurately predicted during hover with changes to gross weight, rotor speed and 
density altitude. However, this method does have limitation. The maximum stick 
position must be estimated separately for each flight regime (i.e. forward level flight, in 
ground effect hover). This method is the basis for performance testing of the amateur­
built helicopter. 
PERFORMANCE TESTING 
Free flight hover technique is used to determine hover performance. Testing is 
accomplished with a minimum of three gross weights and rotor speed varied to a 
minimum of three speeds, if possible. The data collection consists of recording 
collective stick position, pressure altitude, ambient temperature, rotor speed, time and 
gross weight during a hover at desired hover height above the ground. Because the 
change in gross weight due to the amount of fuel remaining cannot be accurately 
determined, the total amount of fuel used, in pounds, is divided by the length of the 
flight, in minutes. This provides an acceptable estimate of fuel remaining at the time of 
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testing. Data is first referred, then normalized to conditions of interest within the stated 
limits. However, data must not be expanded beyond the range of continuous engine 
operation (i.e. if the engine is only 'jetted' to four thousand feet pressure altitude, data 
must not be expanded beyond that altitude, even if that altitude is less than three 
thousand feet above the test altitude). Once the data is expanded, the maximum 
collective position with changes in altitude is determined and plotted. From the 
combined chart, a reasonable estimate of hover performance can be achieved. 
Appendix B contains charts and table of standard atmosphere to assist in the completion 
of data reduction. Appendix C provides the Hover Performance Worksheet. 
Stability and Control [26] 
The hovering helicopter IS an aerodynamic balancing act in a state of 
equilibrium. The primary forces in equilibrium are main rotor thrust and gravity. 
Additional balanced forces are main rotor torque and tail rotor thrust. A secondary 
force is the response of tilting the main rotor to provide opposite lateral thrust to offset 
tail rotor thrust. Changes in downwash impingement on the fuselage and movement of 
rotor tip trailing vortices in relationship to the horizontal stabilizer and tail rotor are 
some of the additional factors. The vertical height of the tail rotor and horizontal 
distance of the main rotor from the horizontal and vertical center of gravity are others, 
however many more influences and cross coupling exist. The goal of hover testing is to 
reveal how well the helicopter can maintain the balance at various density altitudes, 
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gross weights, hover heights and center of gravity location combinations while 
subjected to varying wind speed and azimuths. This is done with hover stability, 
control, and flying qualities tests. Testing will evaluate control positions, control 
response, critical azimuth, and general stability to determine the helicopter's ability to 
hover in varying wind conditions. 
Theory 
Many non-linear aerodynamic phenomena influence the flying characteristics of 
a helicopter in hovering flight. The more significant elements are presented to assist the 
pilot in overcoming possible difficulties in obtaining and holding trinuned flight 
conditions. 
The first element effecting hover is tail rotor thrust. In a helicopter with a 
counterclockwise rotating main rotor, the resultant force of tail rotor thrust is directed to 
the right (sidewash is to the left), while viewing the helicopter from the tail. This 
causes the helicopter to drift to the right. To counter the sideward movement, the main 
rotor is tilted to the left, causing a left rolling moment. This will result in a helicopter in 
equilibrium with a left tilt. The degree to which the aircraft tilts is a factor of main rotor 
and tail rotor height above the vertical center of gravity (CG) and the amount of power 
required, see Figure 5.2.[26] 
The second effect is rotor blowback. Main rotor blow back can be experienced 
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ROLLING MOMENT 
blades will cause the rotor to cone. The cone is maintained while lift is being produced 
by the main rotor system. The amount the rotor cones is a function of gross weight, 
main rotor speed and blade design. The thrust of the main rotor is directed 
perpendicular to a path scribed in the air by the tips of each blade. This path is called 
the tip path plane (TPP). To direct the thrust of the main rotor the TPP is tilted in the 
direction the thrust is desired. To direct horizontal motion of the helicopter, the cone is 
tilted in the direction of desired movement. As the cone moves through the air it 
disturbs the established flow pattern causing a non-uniform inflow. The result of the 
new inflow pattern is an increase of angle of attack (AOA) in the leading half of the 
rotor TPP, or cone, and a decreased AOA in the trailing half, see figure 5 .3 . [26] 
The change in AOA causes the rotor to pitch up at the leading half of the rotor 
disk. This pitching action will tend to return the helicopter to the initial condition 
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Figure 5.3 
CHANGE TO INFLOW 
(positive static stability). This is evidenced by increasing forward cyclic pressure while 
attempting to begin forward flight. 
The third element effecting the hovering helicopter is downwash impingement 
on the fuselage, tail and horizontal stabilizer. The significance of changing downwash 
may be realized when leaving the stabilized hover. As the helicopter departs the hover 
the down flow pattern changes. These changes will produce an increase of downward 
force on areas of the helicopter not previously exposed to down wash and reduce the 
downwash on others. The results can be extremely varied, requiring little control input 
to extreme inputs to overcome these effects. 
Tail rotor thrust changes during crosswind hovering or sideward flight can also 
influence the helicopter. Hovering laterally in the same direction as the tail rotor thrust 
will increase the effectiveness of the tail rotor by increasing airflow. This requires a 
decrease in the amount of directional pedal required. However, hovering laterally 
opposite to the direction of tail rotor thrust will reduce the effectiveness of the tail rotor 
by reducing the inflow. This condition requires additional thrust to be produced by the 
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tail rotor. In the extreme case, the tail rotor will not be able to produce enough thrust to 
compensate for the effects of reduced inflow and the desired heading will no longer be 
able to be maintained. This condition is referred to as loss of tail rotor effectiveness. 
The tail rotor can also become ineffective when attempting to regulate the speed at 
which the helicopter is changing heading. When attempting to stop the helicopter after 
a heading change the tail rotor may not be able to produce the thrust required to 
overcome the turning moment and fail to maintain the new heading. 
Other factors that could potentially effect the hovering helicopter include 
interference of main rotor down wash with the tail rotor or stabilizers, changes of inflow 
patterns while transitioning from out of ground effect (OGE) to in ground effect (IGE). 
However, due to the slow transition speeds these effects should be minimal or easily 
discovered during normal testing. 
Many factors effect the stability and control of the hovering helicopter. The 
incremental build-up process is the best way to ensure a possible hazardous contribution 
is safely assessed. Combinations of factors must also be considered. The sideward 
flying helicopter is not only subjected to the effect of changing tail rotor thrust but 
blowback and changing main rotor downwash patterns. In general, a helicopter can be 
difficult to pilot during hover, especially during sideward and rearward flight. The 
stability and control testing during hover must be well planned and flown by an 
experienced pilot capable of interpreting the helicopter signals of impending danger. 
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Test Methods [26] 
Stability and control testing for the hovering helicopter should not be performed 
when the wind speed is greater than 3 knots, including gusts. Because hover tests aim 
at simulating crosswind and tailwind components a ground crew will be required. 
Ideally, the test team will include a team member whose sole responsible is recording 
test data that is transmitted over the radio. Additionally, the test team may include a 
pace vehicle operator. The pace vehicle will provide a means of maintaining the 
desired speeds. An alternative method of low speed sensing is use of a global 
positioning system (GPS). Hover testing should include trimmed control positions, 
critical azimuth determination, static stability, and dynamic stability. All testing must 
be conducted with accurate knowledge of helicopter weight and center of gravity 
location. Each test must be repeated for each weight and center of gravity of interest. 
The "wedge" build-up technique should be used. 
Trimmed Flight Control Positions and Critical Azimuth Determination. 
Trimmed flight control positions and critical azimuth determination is 
accomplished at the same time. The purpose of the trimmed flight control position test 
is to determine control margins in simulated crosswind, downwind and low speed 
forward flight. The test is accomplished by flying formation with a pace vehicle on the 
ground. The helicopter is flown at a constant hover height (normal hover height or 
higher). Acceptable results are when the pilot is able to achieve and maintain any 
desired flight condition without fatigue or difficulty while maintaining a 10% control 
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margm. Additionally, normally forward cyclic stick should be required for increases in 
speed and aft cyclic for decreases in speed. As well as there should be no 
discontinuities in control position or control force gradients. Generally, the slope of the 
control position versus airspeed should be positive. 
Critical azimuth determination is accomplished concurrent with trimmed flight 
control position testing. The purpose of this test is to evaluate control margins and pilot 
workload with changes in airspeed and relative wind azimuth. The criterion for 
acceptability is the same as trimmed flight control position. Testing begins at a 
stabilized zero airspeed hover. The speed is then increased in five-mph increments until 
a critical speed is reached. A critical speed is when the flight can longer be safely 
controlled with adequate control margins or an imposed speed restriction is reached 
(i.e., maximum speed for sideward flight is 20 knots). The limitation reached is the 
maximum speed for flight in that direction or the maximum wind speed the helicopter 
can sustain from that azimuth at a stabilized zero speed hover. Testing is accomplished 
by first establishing a zero drift, unaccelerated, trimmed hover stabilized next to the 
pace vehicle. The helicopter must be close enough to the pace vehicle to detect small 
movements but far enough away that the rotor down wash is not disturbed by the pace 
vehicle. The initial helicopter heading should be aligned with direction the pace vehicle 
will be traveling. This will afford the pilot the best view of the pace vehicle during the 
early testing and allow the test team to coordinate testing. The test is continued by 
increasing hover speed in five-knot increments until a limitation is reached. Testing 
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limitations are the manufactures specified wind limits or sideward and rearward flight 
limits, if the helicopter requires an attitude the pilot deems excessive, if helicopter 
controllable becomes questionable or if a control margin encroachment. The data 
recorder should have the charts depicting the control envelope available during testing. 
The recorder must be prepared to terminate the testing if any control is required to be 
positioned within 1 0% of the total control travel limit. Collective stick movement may 
also be a control limitation. More than one person may be required for the task of 
recorder. Testing should be accomplished for 360°, the pilot must decide on the 
increment of heading change to use, either 30° or 45°. If any azimuth is suspected of 
being unsatisfactory, heading changes of 30° should be used. 
Static Stability 
The purpose of this test is to evaluate the static stability or the tendency of the 
helicopter to return to the trim condition from an off trim condition in the longitudinal, 
lateral, and directional axes. An acceptable response during static stability testing is for 
the cyclic control to operate with a sense and direction, such that, rearward cyclic is 
required to obtain a speed less than the trim speed and forward cyclic is required to 
obtain speed more than the trim speed. Lateral control displacements should response 
in the same manner. Static stability testing requires wind speed to be less than 3 knots. 
The testing is also begun from a stabilized hover. The aircraft is accelerated in 2-3 knot 
speed increments up to 1 0 knots in each direction. The difference between this test and 
the trimmed flight control position is the collective stick remains fixed at the zero speed 
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hover position. The testing is conducted forward first, then rearward, then laterally, 
both left and right. The helicopter must be returned to the stabilized hover prior to 
testing each condition. 
Dynamic Stability 
The purpose of dynamic stability testing is to evaluate the long-term response of 
the aircraft as a function of time. The dynamic mode or nuisance mode will provide an 
indication of pilot workload. The desired response is for the helicopter to be hovered 
without undue pilot fatigue or strain. This evaluation is mostly a qualitative assessment 
by the pilot as to the difficulty is suppressing the long-term response. The Dynamic 
stability testing is also performed from the stabilized hover. The aircraft is displaced 
from trim up to 1 0° (bank or pitch) then the controls are brought back to the stabilized 
hover position. The attitude and altitude changes are noted. Testing should begin at 
small angle of displacement and build up to 1 0°. The collective should remain fixed to 
prevent pilot induced oscillations from contaminating the response. 
Data Analysis and Presentation 
Stability and control testing provides the pilot with just as much qualitative data 
as quantitative. After completing the hover testing the pilot should have generally 
determined the limitations for aircraft control. However, qualitative data is also useful. 
It will assist the pilot in determining control margins and trends in controllability. For 
hover stability and control testing all data are presented in the form of charts. Trimmed 
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flight control positions should be charted as control position as a function of speed for 
each azimuth tested. If the controls cannot be stabilized at a particular data point, the 
range of travel should be plotted at that point. Critical azimuth evaluation will use a 
chart similar to trimmed control positions. Data will vary from trimmed control 
positions with changes in cues to the pilot and the pilot's ability to reestablish a stable 
hover. Static stability is also presented as changes in control positions as a function of 
airspeed for the direction tested. Dynamic testing is presented as a time history of 
oscillations about the trim point. Figures 5.4 and 5.5 are example charts of stability and 
control testing. [26] 
The pilot who flew the test should review the charts. The pilot's opinions and 
the charts are used to answer the following questions. If the results are determined 
unsatisfactory the manufacturer should be contacted for assistance. 
Trimmed flight control positions: 
1. Were the control margins adequate? Greater than 10% control position or 
control power margin? 
2. Were control movements required in the usual sense (forward cyclic for 
forward)? 
3.  Were control position changes excessive with changes in  power or 
airspeed? 
4. Could the helicopter be trimmed, if trim is installed? 
5 .  Did the attitude change with changes in  airspeed? 
6. How was the field of view for the pilot during flight? 
7. Were there vibrations present? 
8. Was there any objectionable coupling (did changes in the collective 
move the cyclic excessively)? 
9. Was there anything unexpected? 
Critical Azimuth 
1 .  What was the limiting factor? 
2. For what axis was control most objectionable? 
3. Were the control margins adequate? 
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4. Were the changes in control position excessive? 
5 .  Could the controls be trimmed, if installed? 
6. Was the field of view adequate? 
7. Were the vibrations objectionable? 
8. Were pitch and roll attitudes excessive? 
Static Stability 
1. Were the control position gradients positive, negative or neutral (was 
forward cyclic required for forward movement)? 
2. Were cues available to the pilot to indicate moment away from trim 
(did the attitude indicator show an increase or decreasing pitch attitude 
with changes in speed)? 
Dynamic Stability 
1 .  Was there adequate time to respond to the off trim condition? 
2. What is the normal response of the helicopter?[26] 
The answers to the above questions will establish hover envelope for flying qualities. If 
the pilot could not maintain sideward hover above 1 0 mph because of a minimal field of 
view, 1 0  mph should be the sideward flight limitation. 
Amateur-Built Helicopter Hover Stability and Control Testing 
The stability and control of the amateur-built helicopter is tested in the same 
manner as a commercial helicopter, however limitations should be imposed to reduce 
potential risks. The hover testing should be performed without a pace vehicle. The 
hazards associated with the vehicle coordination and the pilot skill requirements of 
flying formation with a pace vehicle exceed the level of data required by the amateur-
builder. An alternative to the pace vehicle is use of a hand held GPS system 
temporarily installed on the helicopter. A second alternative to determine speed is a 
"radar gun". If a radar gun is used the speed can be relayed to the pilot using a radio. 
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However, even testing at this level should not be performed until the test pilot has 
conducted testing to a lesser degree. Prior to conducting testing at stated speed intervals 
the pilot should become familiar with how the helicopter performs in general. The pilot 
should slowly depart the hover using the above checklist of items as a guide. Testing 
must be immediately stopped if anything unexpected happens. Once the pilot is 
comfortable with the helicopter then testing should be performed as prescribed above. 
The testing is accomplished using the incremental build-up process. 
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Chapter 6 
Level Flight Testing 
The level flight performance of a helicopter is often limited by structural or 
controllability considerations. This maximum speed is often labeled VNE (never exceed 
speed) on performance charts. An additional restriction on the maximum speed may be 
the amount of power available. The forward velocity at which the power available 
equals the total power required is the maximum speed obtainable in level flight with 
power. This speed is often labeled as Vh (maximum speed in level flight with maximum 
continuous power). The aircraft can be made to fly faster than V h by diving, in which 
case the V NE becomes the maximum speed limit. There are additional speeds that 
require consideration during level flight-testing. The speeds of interest are maximum 
endurance (minimum fuel consumption speed) and maximum range, or best range 
(speed at which nautical mile per pound of fuel consumption is greatest). In this 
chapter, the evaluation of level flight performance and corresponding flying qualities 
will be discussed. 
Performance Testing [2, 24] 
To determine the performance characteristics of the helicopter in level flight a 
general analysis of level flight theory must be completed. The analysis is required to 
ensure the pilot understands the concepts of level flight-testing. This is the only way 
the testing can be performed safely and accurately. The level of analysis will be limited 
74 
to the extent necessary to detennine the requirements of verifying and documenting the 
parameters that dictate total power required during level flight. Just as during hover 
perfonnance testing, the total power required will be evaluated against power available 
to detennine level flight perfonnance. 
Level Flight Theory 
The total power (PTotaJ) required for a single main rotor helicopter is the sum of 
the induced power (Pi), profile power (Po), parasite power (Pp) and miscellaneous 
power (PM)· Induced power is power required to develop thrust. Profile power is power 
required to rotate the rotor blades against the viscous (shearing stress that restricts fluid 
flow [29]) action of the air. Parasite power is the power required to overcome drag 
incurred from the components of the helicopter not contributing to lift (i.e. the fuselage, 
skids, vertical fin)[22]. Miscellaneous power is the power required to overcome cooling 
losses, transmissions losses, power accessories and tail rotor power. Total power 
required can be expressed mathematically as: 
PTotal = Pi +  Po+ Pp + PM 
And graphically as presented in figure 6. 1 .[2] 
eq 6. 1  
The requirements of induced power can again be analyzed by the momentum 
theory. The theory is based on the variation of induced velocity due to the effects of 
forward flight. The change in induced flow through the rotor in forward flight cannot 
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accuracy.[25] The induced flow is considered the sum of two vectors. The first is the 
horizontal component of the induced flow that is required to produce a horizontal force 
to overcome the parasite drag of the helicopter. This force is called parasite power (Pp) 
and is considered separately during parasite power analysis. The second component is 
concerned only with the force opposite to weight or the vertical component of the 
induced velocity and becomes the entire induced power requirement. The assumption is 
again made that thrust is equal to weight for the purposes of the theory and the thrust of 
the rotor disk is calculated using the momentum theory as applied to the hover. The 
variation of induced flow is estimated by the additional assumption that at relatively 
high speeds the resultant velocity of the induced flow is equal to the forward speed 
(ratio of horizontal inflow to vertical inflow is so great, the vertical inflow does warrant 
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- Weight 
- Density 
- Rotor disc area 
- Forward flight velocity. 
eq 6. 2 
The profile power, or the power required to rotate the blades, is analyzed in the 
same manner as in a hover using the blade element theory. The obvious difference is 
the introduction of a transverse flow across the blades caused by the helicopter's 
forward speed. During forward flight, the speed used for calculation of lift and drag of 
a blade segment is a function of the blade rotational speed and the helicopter forward 
speed. At a constant forward airspeed, the speed used for calculation will vary with 
blade azimuth (position relative to the helicopter, i.e. over the nose or tail). Therefore, 
the calculation of profile power will now be dependent on not only rotor speed but the 
blade azimuth and the forward velocity of the helicopter as well. The additional power 
requirements imposed on the rotor system are divided into three parts (when neglecting 
the effects of the region of reverse flow as done here). The effects of each part are then 
summed and added to the profile power required to hover to determine the profile 
power required during forward flight. The first is the increase in the torque required 
due to chordwise drag. The torque varies as a function of the advance ratio squared, f..l 
(ratio of forward velocity to tip rotational velocity). The second is the increase power to 
overcome the rotor hub shear force. The shear force varies as a function of 2f..l2• The 
77 
increased torque force and increase of hub sheer force are combined into one chordwise 
resultant force called Hl ; this resultant force varies as a function of 3JJ2• The third is the 
increase in viscous drag due to spanwise (radial) flow, called H2. The spanwise force 
varies as a function of 55% of the HI force or 1 .65J.l2• The total increase of profile 
power from the hover case is 4.65JJ2• The profile power required during forward flight 
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Po - Profile power 
O'R Cdo p Ao (OR)3 {I + 4.65JJ2) eq 6.3 
eq 6. 4 
O'R - Rotor solidity ratio (ratio of the total blade area to the rotor disk area) 
Cdo - Average blade element profile drag coefficient (a dimensionless 
number indicating the drag inefficiency of an airfoil which is detennined 
by angle of attack and airfoil design. It is derived from wind tunnel 
testing. [22]) 
p - Density 
Ao - Rotor disc area 
nR - Blade rotational velocity (blade tip speed) 
J.l - Advance ratio (or tip speed ratio, a dimensionless number indicating 
the ratio of forward flight velocity to rotational velocity[l6]) 
Vr - Forward flight velocity. 
Parasite power is the power required to overcome the drag forces created on the 
fuselage, rotor mast, landing gear, and all other external surfaces in forward flight. The 
forces are primarily due to base pressure drag and, to a smaller extent, to skin friction 
drag. For a helicopter these drag forces are overcome by tilting the main rotor thrust. 
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- Parasite drag 
- Parasite drag coefficient 
- Dynamic pressure 
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eq 6. 5  
The parasite drag coefficient can be referenced to any arbitrary choice of area since the 
parasite drag is not entirely dependent upon any particular body area. To avoid this 
choices, reference is usually made to the equivalent flat plate area, f, where: 
Where: 
f 
f = Cop S 
- equivalent flat plate area. 
eq 6.6 
Using the momentum theory to determine the power requirement to provide a horizontal 
force to overcome parasite drag for equilibrium flight, the advance ratio to 
nondimensional, and substituting equation 6.5 into equation 6.6, the parasite power can 
be expressed as: 
Pp = + p f (ORi f.13 eq 6. 7  
The causes of the miscellaneous power requirements do not differ from those in 
a hover. The transmission losses remain a function of rotor speed and remain relatively 
constant. The accessories are dependent on their use and are assumed constant with 
normal system loads. The tail rotor, however, requires separate consideration. The tail 
rotor benefits from the reduction of induced power requirements just as the main rotor. 
Therefore the assumption that the miscellaneous power (or mechanical efficiency, as 
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sometimes loosely expressed) will remain constant is no longer valid. Because the 
thrust requirements of the tail rotor are known, the expressions used to determine main 
rotor power (induced and profile) can be used to determine the tail rotor components. 
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eq 6. 8  
eq 6.9 
Total power required can now be estimated with reasonable accuracy. However 
during flight testing it is very difficult to determine the mechanical efficiency. 
Therefore typically only main rotor power is evaluated. Main rotor power required 
during forward flight is expressed as: 
1 3 2 8 <JR Cdo P AD (nR) ( 1 +4.65J.1 ) + � p f (OR)3 J.13 eq 6. 10 
The relationship between total main rotor power and the variables that comprise main 
rotor power are the basis for level flight-testing. For convenience the total power 
required and main rotor thrust expression is nondimensionalized to coefficient form. 
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This will allow for a means of evaluating level flight performance. The main rotor 
power and thrust required for level flight are expressed as: 
cl 1 2 1 3 
Cp = 2J.l + g O'R Cdo (I +4.65J.L ) + 2 Cop J.1 eq 6. 1 1  
And: 
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The main rotor power required for level flight is a function of the thrust coefficient and 
the advanced ratio. Holding the thrust coefficient constant will allow for change in 
power to be determined as a function of airspeed. 
Referred Level Flight Performance 
As with the hover case, the level flight performance will be presented in terms 
of a referred parameters. However, with the introduction of forward velocity a third 
equation is required. Forward velocity, or true velocity, can also be referred. The three 
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eq 6. 14 
eq 6. 15 
Test Method 
The level flight performance of the helicopter is accomplished by holding the 
coefficient of thrust constant and varying the forward airspeed and recording the power 
required. As seen is equation 6. 1 2, to maintain a constant coefficient of thrust, the ratio 
of the gross weight over the air density ratio to main rotor speed must be keep constant. 
If the rotor speed is fixed, the pilot can be solely concerned with the ratio of aircraft 
gross weight to the air density ratio. Through preflight planning calculation of the 
density altitude that corresponds with the estimated gross weight throughout the flight is 
made. Once airborne, the pilot uses the ambient temperature gauge and pressure 
altimeter to determine the appropriate altitude for each data point. 
Amateur-Built Helicopter Level Flight Performance Testing 
The procedures detailed above are the foundation for flight testing the level 
flight performance of the amateur-built helicopter. Typically, the goals of level flight­
testing are to determine the airspeeds that provide the maximum endurance, the 
maximum range and the maximum obtainable forward speed. 
BACKGROUND 
The level flight performance of most amateur-built helicopters cannot be 
performed to the same detail as typically accomplished by commercial helicopters. 
This is because of the limited instrumentation installed on the amateur-built helicopter. 
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The inability to easily determine the amount of power used by the amateur-built is an 
obstacle that must be overcome to accomplish any level flight-testing. Therefore, using 
the same method as hover testing, collective stick position will be used as an indicator 
of power required. However one modification to the standard method is the ratio of 
weight to the air density ratio is assumed to remain constant during level flight data 
collection. This assumption has been verified to provide accurate data by D.B. Layton 
when data collection is done is an expeditious manner.[32] 
PERFORMANCE TESTING PROCEDURE 
Level flight performance testing will be accomplished by flying a series of speed 
runs at varying altitudes, gross weights and main rotor speeds. Specifically, the pilot 
will stabilize the helicopter on target airspeed and the following data is recorded: 
collective stick position, airspeed, time, pressure altitude, ambient temperature and rotor 
speed. The same data is then collected at each data point throughout the speed range to 
maximum speed obtainable. The interval between data points should be 5 knots until 
the helicopter is noticeably above the "bucket speed", or maximum endurance speed. In 
the vicinity of the bucket speed the pilot will observe only a small change in collective 
position with change in airspeed. Once an identifiable trend of increasing collective is 
established, the interval is increased to I 0 knots. If the pilot is unable to observe being 
clear of the bucket speed, increase to 1 0-knot intervals at 60 knots. Data reduction and 
expansion is accomplished using the worksheet provided in Appendix D. 
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Stability and Control [26] 
The stability and control evaluation of a helicopter during level flight is typically 
viewed in two parts, statics and dynamics. First, the longitudinal flying qualities are 
evaluated. Then the lateral-directional flying qualities are evaluated. The longitudinal 
flying qualities evaluation deals primarily with helicopter reactions to changes in 
forward speed and longitudinal and vertical accelerations; whereas the lateral­
directional flying qualities deals with side forces and lateral-directional accelerations. 
Testing will evaluate trimmed flight control positions, longitudinal static stability, 
longitudinal dynamic stability, lateral stability, side force gradient, lateral directional 
oscillations and gust response. 
Theory 
Just as during hovering flight, many factors effect the stability and control of the 
helicopter during forward flight. However, the discussion presented here will again be 
limited to factors that are of significance to the amateur-builder. The factors that effect 
the stability and control of the helicopter are those factors that create moments or forces 
about one of three axes. The three axes are pitch, roll and yaw. The pitch of the 
helicopter is the rotation about the longitudinal center of gravity, or the change in pitch 
attitude. The roll of the helicopter is the rotation about the lateral center of gravity. The 
roll of the helicopter is the change in angle of bank. The yaw of the helicopter is the 
rotation about the vertical center of gravity, or the change in heading. 
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LONGITUDINAL STABILITY 
The longitudinal stability of the helicopter is determined by the impact of each 
of the four major elements that contribute to the pitching moment. For the helicopter to 
have positive static stability the overall reaction of the helicopter to the sum of all 
pitching moments must be to have the tendency to return to its original state, or 
condition, following a disturbance. Positive static stability is a highly desirable flying 
quality for a helicopter during forward flight. Typically, each element that provides a 
pitching moment is discussed separately. Then the combined effect is discussed to 
developed an understanding of the total longitudinal stability of the helicopter. 
The first factor is hub design. If the rotor hub and blade assembly are 
constructed in such a manner as to provide an offset between the rotor blades and the 
center of the rotor hub a pitching moment called hub moment is created. This offset, or 
distance is referred to simply as "e", where "e" is equal to the distance from the hub 
divided by the length of the rotor blade. It can also be created artificially by stiffness in 
the rotor-hub to blade attachment. In this case, the blades are not free to flap because of 
the stiffness, this provides the same effect as a physical offset. The effect of hub offset 
is to add to the pitching moment in the direction of control input. That is to say, if 
forward cyclic is applied, the rotor cone is tilted forward and the hub creates a pitching 
moment toward the nose of the helicopter. If no offset is present, the hub does not 
create a pitching moment. The effect of hub offset is mostly a factor of the amount of 
total thrust applied, the amount of offset and the vertical distance of the rotor head from 
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the vertical center of gravity. An increase of any of these factors will increase the 
pitching moment. 
The second factor is horizontal distance of the thrust created by the main rotor 
from the longitudinal center of gravity. The greater the distance from the center of 
gravity or the greater the amount of thrust applied the greater the pitching moment. If 
the thrust is located in front of the center of gravity an increase in thrust will case the 
helicopter to pitch up, the reverse is also true. 
The third factor is the rotor hub force. This is the drag force created by the hub 
passing through the air. The greater the vertical distance of the rotor hub from the 
vertical center of gravity, the greater the pitching force created. The hub force acts to 
pitch the nose up, regardless of the hub's relationship to the longitudinal center of 
gravity. 
The fourth factor is the effects of the fuselage and tail. This pitching moment 
will vary with each helicopter design. No assumption should be made with respect to 
the overall moment created by the fuselage and tail of an amateur-built helicopter 
because of the diversity of design among the various amateur-built helicopters. 
However, it can be noted the fuselage is generally unstable and the tail section is 
typically designed in such a manner to assist in providing the positive stability of the 
helicopter. 
Review of the four factors effecting longitudinal stability show they are all 
dependent on airspeed, air density, thrust application and the location of the vertical and 
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longitudinal centers of gravity. Testing will determine the amount of change to the 
pitching moment with changes to each of the above. By isolated changes to airspeed, 
air density, thrust application and center of gravity, the overall degree of stability and 
control is determined. 
LATERAL-DIRECTIONAL STABILITY 
Similar to longitudinal case, the lateral-direction stability is divided into 
components that may be reviewed and then isolated. The lateral-directional stability is 
viewed as three separate equations, which in steady unaccelerated flight each equal 
zero. The first two equations are the rolling moment, which corresponds to lateral 
stability, and the yawing moment, which corresponds to directional stability. The third 
equation is side force; side force is probably best known by the amateur-builder as the 
feeling of the helicopter during an out of trim condition in forward flight. It can be 
associated with the slipping or sliding lateral force felt during an uncoordinated turn. 
The three are studied together because they are interdependent. The lateral-directional 
stability is divided into six factors. 
The first factor is hub offset. The hub offset will create a rolling moment similar 
to that of the pitching moment. The rolling moment is a function of the amount of 
thrust applied, the amount of lateral control input, or rotor tilt, and the vertical distance 
from the rotor hub to the vertical center of gravity. Hub offset also creates a side force. 
The side force will be proportional to the amount of thrust applied and the amount of 
lateral control input. Lastly, the hub force creates a yawing moment. The yawing 
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moment is proportional to the amount of thrust applied, the amount of lateral control 
input and the distance of the rotor hub ahead or behind the longitudinal center of 
gravity. 
The second factor is changes to thrust application. An increase in thrust will 
cause in increase in rolling moment in the direction of control input. The thrust increase 
will also increase the side force in the direction of control input and increase the yawing 
moment created in the direction of lateral control input. 
The third factor is rotor side force. Just like the hub force, rotor side force is the 
drag force created by the rotor hub. The side force acts directly to increase or decrease 
the overall side force of the helicopter. The rotor side force causes a rolling moment 
away from the direction of roll proportionally to the vertical height of the rotor hub 
above the vertical center of gravity. The side force produces a yawing moment 
proportionally to the longitudinal distance the hub is ahead or behind the longitudinal 
center of gravity. 
The fourth factor is the tail rotor thrust. The thrust of the tail rotor acts directly 
to increase or decrease the overall side force of the helicopter with the direction of the 
thrust produced. The tail rotor thrust also generates a rolling moment proportional to 
the change in tail rotor thrust produced and the vertical distance of the tail rotor above 
or below the vertical center of gravity. And finally, a yawing moment is created 
proportional to the amount of thrust produced and the distance of the tail rotor behind 
the longitudinal center of gravity. 
88 
The fifth factor is the moments and force created by the fuselage and tail. Just 
as with the pitching moment these moments and force will vary with each design. 
The sixth factor, changes to main rotor torque, effects only the yawing moment. 
It is the yawing moment created by changes to main rotor torque. Because tail rotor 
thrust is equal and opposite to main rotor torque, a change in main rotor torque will 
cause a yawing moment until the thrust of the tail rotor is adjusted. 
The factors effecting lateral-directional stability are identified as airspeed, air 
density, thrust application, angle of bank, sideslip angle and the location of the vertical, 
longitudinal and lateral centers of gravity. Each factor will again be isolated and the 
overall degree of lateral-directional stability and control determined. 
Test Methods 
The stability and control of the helicopter is evaluated by fixing all controls and 
then manipulating the control that corresponds with the axis of interest. All but one 
flight control is held constant while the remaining control is adjusted and the helicopter 
is evaluated for response. The pilot makes qualitative notes as well as recording the 
quantitative data during testing. The procedure used for determining stability and 
control during climbs and descents is conducted in the same manner as prescribed 
below for level flight evaluation. All testing must be conducted with accurate 
knowledge of helicopter weight and center of gravity location. Each test must be 
repeated for each weight and center of gravity of interest. The "wedge, build-up 
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technique should be used. 
TRIMMED FLIGHT CONTROL POSITIONS 
Trimmed flight control position determination can be conducted in conjunction 
with level flight performance testing and climb and descent performance testing. The 
purpose of the test is to determine control positions, control margins, and ease of 
trimability with changes in airspeed and power. During the test a qualitative evaluation 
is made of helicopter response to speed changes and maintaining a desired speed. The 
airspeed is evaluated up to maximum speed. An acceptable response is for the pilot to 
be able to achieve and maintain any desired flight condition without fatigue or strain. 
There should be no discontinuities in control position or control force gradients and 
typically the slope of the control position versus airspeed should be positive. During 
testing the speed is varied at 1 0-knot increments, with the helicopter trimmed in wings 
level unaccelerated flight. During climb and descent testing the airspeed is held 
constant and the power is varied to determine the responses during various rates of 
climbs and descents. The increment during climb and descent testing should be small 
enough to allow for multiple tests at single airspeed. 
LONGITUDINAL STATIC STABILITY 
Longitudinal static stability is evaluated during both level flight and climbing 
and descending flight. The purpose of this test is to evaluate the restoring moment due 
to an off trim condition. Positive static stability is indicated by the requirement to 
increase forward cyclic with increasing forward airspeed. The longitudinal control 
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should be designed so that a forward moment of the control is necessary to obtain a 
speed more than the trim speed, and rearward movement of the control is necessary to 
obtain a speed less than the trim speed. The test is conducted from a trimmed, wings 
level, and stabilized flight speed. Airspeed is initially varied 2 to 3 knots from trim, 
then approximately 5 knots and finally the airspeed is increased and decreased in 5-knot 
increments to the maximum off trim speed desired. The test should be conducted by 
alternating increasing and decreasing speeds from the trim condition. To eliminate the 
effects of hysteresis testing may be performed at various speeds. First slow, and then 
fast. Testing is performed at least twice, first at the speed for maxim rate of climb and 
then at the maximum range airspeed. Climb and descent longitudinal static stability 
testing is evaluated in the same manner. Once a climb or descent is established the 
collective control is fixed. 
LONGITUDINAL DYNAMIC STABILITY 
This test is done to determine the helicopter's airspeed and altitude variations 
over time. The long-term dynamic stability is also referred to as the nuisance mode of 
motion because the pilot must suppress this motion during flight. A qualitative opinion 
is made by the pilot as to the acceptability of the helicopter response to an off-trim 
condition. The pilot's opinion will include off-axis response. The pilot's opinion is 
based on the standard, "How does the response relate to the pilot's ability to perform 
desired tasks, or maneuvers." The helicopter response should allow extended operation 
without fatigue or strain. The test is begun from a trimmed, wings level, stabilized 
91 
flight condition. The helicopter motion is initiated by cyclic control input. The 
airspeed is reduced 5 to 1 0 knots then the cyclic is returned to trim position. The 
response recorded over time. The helicopter is also evaluated for off-axis response 
(response in other than longitudinal axis) 
STEADY HEADING SIDE SLIP 
This is the first test focused directly at lateral-directional stability. The test is 
designed to determine the dihedral effect (total helicopter roll moment due to sideslip 
and tail rotor), the directional static stability and side force (indicated by roll in the 
direction of sideslip) with sideslip. Static directional stability should be positive up to 
10  degrees of sideslip. Positive dihedral and positive static lateral stability are highly 
desirable. Positive static directional stability is indicated by increasing left pedal 
control displacement with increasing right sideslip, and right pedal to generate a left 
sideslip angle. Positive dihedral effect is indicated by the requirement for lateral control 
displacement in the same direction as the sideslip angle. Positive static lateral stability 
is indicated by increasing right lateral control displacement with increasing right 
sideslip, and increasing left lateral control displacement with increasing left sideslip. 
During testing the pilot will also make a qualitative opinion on helicopter response 
during the sideslip. The test is conducted at a series of sideslip angles about a specified 
trim point. The helicopter is smoothly yawed to the desired sideslip angle. Cyclic is 
added as necessary to prevent the helicopter from turning and to maintain the trimmed 
airspeed. The pilot focuses at a landmark in the distance to ensure a straight ground 
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track is maintained. Sideslip is alternated to the left and right covering the allowable 
range. Sideslipping the helicopter will place unplanned stress on the helicopter and 
should only be performed to the degree necessary to conduct testing. 
LATERAL DIRECTION OSCILLATION 
The next test focusing on lateral-directional flying qualities is the lateral­
direction oscillation (LDO). The LDO also referred to as a nuisance mode because the 
pilot must compensate for it during flight. The test records the response of the 
helicopter resulting from a disturbance from a trimmed condition. Typically, the test is 
conducted by release from a steady heading side slip (SHSS) because it closely 
resembles an in-flight condition. However, the test can be conducted by simple pedal 
inputs, pedal doublets or with lateral cyclic inputs. The time history of the response is 
recorded. Specifically, the ratio of roll to yaw is determined. The pilot observes the 
scribe created by the tip path plane on the horizon. The shape of the motion is the 
pilot's indication of the ratio. If a circle is drawn the ratio is 1 : 1 .  If the shape is 
elongated with the horizon the ratio is less than 1 to 1 .  And if the shape is elongated 
vertically, the ratio is greater than 1 to 1 .  Describing the shape of the motion will assist 
the pilot in determine the axis in which the response occurs. The acceptability is 
determined by the pilot's ability to conduct desired tasks. The pilot presents an opinion 
on the requirement of controlling the oscillation. It is desirable for the pilot to be able 
to control the osculation without causing further aggravation. 
GUST RESPONSE 
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The last test is evaluation of gust response. The helicopter is evaluated for gust 
response in conjunction with all testing. The response is evaluated in terms of effect on 
task performance and ride quality. Degradation in the ability to perform tasks and poor 
ride quality will lead to crew fatigue and distraction. Gust response is evaluated in all 
axes. The pilot records the initial response to gusts and the amount of pilot action 
required to return the helicopter to the trimmed condition. The test pilot records the 
action required to restore the trimmed condition. It is desirable for the helicopter to 
return to the trim condition without an unreasonable increasing pilot workload. 
Data Analysis and Presentation 
Stability and control testing of level flight is generally presented in chart form. 
Qualitative data is also presented to describe the response of the helicopter during flight. 
During all testing the pilot makes notes or voice records comments as to each aspect of 
flight, such things as field of view, ease of performing a maneuver and general 
helicopter responsiveness must not be overlooked. Once testing is completed, the test 
pilot should be prepared to describe flying qualities of the helicopter throughout its 
range of flight. The quantitative data should confrrm the pilot's evaluation. 
The quantitative data is typically presented as detailed below. Example plots are 
presented in Chapter 5, Hover. Trimmed flight control positions are plotted. Each 
control position is plotted as a function of calibrated airspeed. Pitch attitude and 
sideslip are also plotted if available. Longitudinal static stability is also plotted. Cyclic 
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position and pitch attitudes are plotted as a function of calibrated airspeed. The trim 
point is annotated on the plot. Long tenn dynamic stability is a plot of calibrated 
airspeed as a function of time. Pitch attitude is also plotted, if available. Steady 
heading sideslip is a plot. Control positions and roll angles are plotted as functions of 
sideslip angle. Lateral-direction oscillation is presented as a narrative entry. Gust 
response is also presented as a narrative entry. 
The test pilot answers the following questions with use of the above infonnation 
and their option. If the results are detennined unsatisfactory the manufacturer should be 
contacted for assistance. 
Trimmed Flight Control Positions: 
1 .  Were there adequate control margins? 
2. Was forward cyclic required with increasing airspeed? 
3.  Are the control position changes with change in power excessive? 
4. What were the pitch attitude changes with airspeed? 
5 .  Was the field of view adequate? 
6. Were there objectionable vibrations? 
7. Was there coupling between pitch, yaw and roll axes? 
8. Could small precise collective changes be made? 
9. Did anything unexpected happen? 
Longitudinal Static Stability 
1 .  Positive static stability is indicated by forward longitudinal cyclic position with 
increasing airspeed. 
2. If positive stability was observed did it return the helicopter to the trim 
condition? 
3 .  Is there a trim band that provides no cues to the pilot with changes in airspeed? 
Long Tenn Dynamic Stability 
1 .  How easy was it to excite the long tenn response? 
2. How long did it take for the helicopter to "settle" after a disturbance? 
3. Was the response within reasonable limits? 
Steady Heading Side Slip 
1. Positive static stability is indicated by the requirement for left pedal 
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displacement to generate a right sideslip angle (and visa versa). 
2. Were cues present to alert the pilot of the out of trim condition? 
3. Were there any pitot static problems (airspeed or altitude instrumentation 
problems)? 
Latera)-Directional OscilJation 
1 .  Was the LDO excited by norma) flight? 
2. Could the pilot easily induce the LDO? 
3. What was the ratio of ron to yaw? 
4. Is the LDO disturbing to the pilot? 
Gust Response 
1 .  How could the ride be described (smooth, ruff)? 
2. What were the changes to airspeed and attitude? 
3. How much pilot effort, if any, was required to return the helicopter to trim?[26] 
Amateur-Built Helicopter Level Flight Stability and Control 
The methods described above should be used to develop the flight test plan for 
the amateur-builder. Some modifications to the test procedures may be required due to 
limited instrumentation. If the helicopter is not equipped with a trim ball, a string can 
be attached to the exterior of the helicopter at the center of the windscreen. A wire is 
attached to a screw hole and the string attached to the wire. The helicopter is in trim 
when the string is aligned with the helicopter centerline. If no attitude indicator is 
present the pilot can use a grease pencil to draw horizontal lines and diagonal lines on 
the windscreen. The pilot could then get an estimate of the angle of bank and pitch 
changes during the flight. Because no side force gauge is available to the amateur-
builder, the SHSS should only be performed to a limited degree to reduce the risk of 
overstressing the helicopter. The pilot should begin with small measured pedal inputs 
using the displacement from the trim condition as a guide. Sideslip can be measured 
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using the string mounted on the windscreen. The pilot should set a limit to the amount 
the string will be displaced from trim. The stability and control evaluation can be 
extremely hazardous. It is critical to safety that an incremental build-up process be 
used. Stability and control testing should only be performed by an experienced pilot. 
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Chapter 7 
Climb and Descent Testing 
The goals of climb and descent testing are to examine the forward climb and 
descent performance characteristics of the helicopter to determine the airspeed for 
maximum rate of climb, V max RIC, minimum rate of descent, V max RJD, and maximum 
autorotation glide range, V max glide,. The testing will also reveal the flying qualities 
during each of these phases of flight. 
Performance [2, 24] 
Theory 
CLIMB 
The power to climb is approximated by level flight power minus the power 
available. From a pure energy analysis, the rate of climb is proportional to the excess 
power applied to the helicopter at a given constant forward airspeed and air density. 
The relationship between rate of climb and excess power applied is expressed as: 
Where: 
RIC = 
(ESHPcnmb - ESHP1r) * (33,000) 






- Rate of climb, feet per minute 
- Engine shaft horsepower climb (amount of power applied) 
- Engine shaft horsepower level flight (power required for level 
flight) 
- Conversion factor (1 hp = 33,000 ft-lb/min) 
- Gross weight. 
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By rearranging this expression and adding the equation for power required for level 
flight, climb power is expressed as: 
Where: 
P climb = (Pi + Po + Pp )level flight + 




By charting the power available and power required versus true airspeed the amount of 
excess power can be visualized, see Figure 7 . 1 .  [2] The chart is then combined with the 
concept of energy analysis, equation 7.2 and the maximum rate of climb is then 
estimated for any forward speed at the given density altitude and gross weight. 
However this estimate has limitation. The change in power required created by the 
variations of induced, profile, and parasite power requirements have been neglected. 
The calculation of profile and parasite power is conducted in the same manner as level 
flight. However, it should be noted the parasite power requirements will change not 
Power Available 
A ESHP = Constant 
W = Constant 
Power R.cquird 
Figure 7.1 
CLIMB POWER AVAILABLE 
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only with the change in the magnitude of the resultant velocity, but also from the 
change in flat plate area exposed to the resultant velocity. Additionally, the induced 
power term must be considered differently than the level flight case. 
Momentum analysis is again used to determine the induced velocity and 
corresponding induced power. The assumption that the vertical force of the main rotor 
disc is equal to weight during a steady state climb is again made. To begin, the ideal 
induced velocity at hover is calculated for the given gross weight and density 
combination to be considered. The induced velocity at hover is then corrected for 
changes to the induced inflow caused by the vertical and horizontal translational 
velocities created during climbing forward flight. The following expression is the result 
of the corrections: 
Where: 
Vi - Induced velocity at hover 
Vr - Forward flight velocity 
V iv - Induced velocity in a vertical climb 
V v - Actual rate of climb. 
eq 7.3 
Since it is established that the energy analysis predicted rate of climb contains several 
assumptions, a climb correction factor is introduced. The climb correction factor is the 





The purpose of this climb flight test is to determine the correction factor. Once the 
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correction factor is known, the climb speed can be determined for any condition of 
interest. Additionally, the airspeed corresponding with the maximum rate of climb is 
established. 
DESCENT AND AUTOROTATION 
The concepts pertaining to the examination climb performance are the same for 
the descent performance evaluation. Using an incremental decrease in the amount of 
power removed from that required for level flight provides the relationship between 
power applied and rates of descent at any airspeed of interest. Using this relationship 
the correction factor is again determined and applied. However, once engine power is 
completely removed the helicopter enters an autorotative descent. During the 
autorotative descent the helicopter responses to forces different than during power-on 
flight . During autorotative descent the torque required to turn the main rotor must be 
supplied from a source other than the engine or rotor speed will not be maintained. In 
certain descent conditions the rotor system can be made to be self-sustaining or 
autorotative and rotor speed maintained accordingly. In this condition the transmission 
is designed to allow the rotor to freewheel and removes the requirement of the rotor 
system to drive the engine. However, the tail rotor and possibly other accessories will 
still require power.[ 16] Autorotative descent, with the rotor at the proper speed, is 
when the resultant aerodynamic reaction across the rotor blade is normal to the plane of 
rotation. This reflects a balance between the aerodynamic force required to drive the 
blades forward (or rotate the blades) at the speed required to obtain the desired rate of 
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descent. During the descent the total rotor disc area can be divided into four 
aerodynamic regions. Each region is named by its reaction to the aerodynamic force 
applied to the blade. The four regions are dragging, autorotation, driving, and stalled. 
For simplicity the four regions are presented in figure 7.2 as they will appear in a pure 
vertical descent. [2] During forward flight the regions will shift to the left of the disc if 
viewed from top while it is moving forward, see figure 7.3 (driving and autorotative 
regions are combined). [22] The dragging region acts to slow the blade; the lift vector is 
aft of normal (perpendicular) and retards the blade. The stalled region provides no 
benefit to the system, it adds drag and removes power from the rotor system. The 
driving region provides a lifting force forward of normal and provides the torque force 
required to drive the blades through the air. While the autorotation region provides the 
lift normal to the plain of rotation and decreases the rate of descent. It is by adjusting 
the size of each region, and the corresponding force, that the desired balance of rotor 
speed and rate of descent is achieved. The collective is used to adjust the angle of 
attack, which in effect adjusts the size of each region. By changing the angle of attack, 
the lift generated by the various blade segments is directed to achieve the desired effect 
on the blade. If the blade becomes too slow the angle of attack is reduced, this 
increases the driving region and the blade accelerates. The balance is maintained l.mtil 
the descent is to be terminated. At that time the collective is raised to generate a greater 
aerodynamic lifting force to act as a "cushion" during touchdown. During the collective 
application rotor speed will decay due to the decrease in the size of the driving region. 
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DISK REGIONS DURING AUTO ROTATION 
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Figure 7.3 
DISK REGIONS DURING FORWARD FLIGHT 
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Airspeed is also adjusted to achieve the desired relationship between the amount of 
helicopter potential and kinetic energy used to control the rate of descent. The kinetic 
energy in the rotor and the kinetic energy of the helicopter are expanded to slow the rate 
of descent allowing the pilot to control the touchdown speed. 
During descent testing the speed for the minimum rate of descent will be 
determined. This speed should coincide approximately with the speed for minimum 
power required for level flight because the rate of descent varies with power required 
for level flight. 
The speed for maximum glide during autorotative descent is also determined 
from descent testing. "The airspeed for airframe maximum range in level flight is 
defined as that airspeed occurring at the maximum effective lift to drag ratio. The 
maximum range airspeed in an autorotation will occur at the airspeed that results in the 
maximum lift to drag ratio and will coincide closely with that for airframe maximum 
range in level flight.,[2] The speed is determined at the point of tangency for a line 
drawn from the point of zero climb speed and zero forward speed to a point on the 
curve that defines the rate of descent. This speed is usually higher than that of 
minimum rate of descent. This is shown graphically in figure 7 .4. [2] 
Test Methods and Techniques 
Forward flight climb and decent testing is normally combined to take advantage of 
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Figure 7.4 
TRUE AIRSPEED VS RATE OF DESCENT 
alternating the increase and decrease in altitude. Because of the infinite combinations 
of gross weight, CG, density altitude and rotor speed combinations testing is often 
limited in scope. Testing is only accomplished for expected combinations of these 
variables (i.e. normal rotor speed, expected altitude range). Testing is accomplished by 
ascending or descending to at least 400 feet above/below the test altitude band. This is 
done to allow the helicopter to be stabilized in a steady climb/descent prior to entering 
the band. The test band is usually not less than 1 000 feet, +/- 500 feet of the test 
altitude. To perform climb and descent testing the airspeed is varied at usually 1 0-knot 
increments, except when close to the maximum climb airspeed (near the speed for 
minimum power required), then the speed is varied by 5 knots. Each test run is 
accomplished twice. The two runs are made at reciprocal headings with any wind 
perpendicular to the flight path. The average of the two runs is used for performance 
calculations. 
There are three methods of climb and descent performance testing widely used 
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today. The frrst is Test Day Data Climb and Descents. This is the most simple test 
method. The recorded rate of climb or descent is multiplied by a temperature correction 
factor. This method is widely used when minimal time or resources are available. 
However, this data is good only for the tested ambient conditions and aircraft 
configuration tested. Extrapolation to any other condition may result in large errors. 
The second method is to determine power and weight corrections. For the 
power correction, a series of climb and descents are flown at constant gross weight 
while varying the airspeed through various altitude bands. The data is combined to 
determine a family of curves providing a relationship between a change in power and a 
change in rate of climb. Weight corrections are determined in the same manner except 
the power setting is fixed, normally at maximum available. Once both relationships are 
known. Data is extrapolated to estimate climb and descent capability at various 
combinations of altitude and gross weight. The major disadvantage of this method is a 
large amount of test data is required to develop accurate correction factors. However, 
this method is used frequently to develop aircraft handbook data. 
The third method is to determine a Climb and Descent Correction Factor. This 
is the most versatile method, but also requires the most flight test. A series of 
correction factors are developed that are good for all forward speed, gross weight, 
power increments and altitudes. Data is normalized by dividing through by the induced 
velocity at hover. This allows for expansion of data to almost any desired combination 
of gross weight and attitude. This method requires large amounts of test data, but 
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results are a high degree of accuracy and confidence. Due to the vast requirement in 
data collection, data is usually only taken at combinations of expected use. 
An additional test that may be performed as part of climb performance testing is 
the Continuous Climb Procedure or Service Ceiling Climb. For this test, a climb is 
established immediately after take-off and continues until certain criteria are met. The 
climb is adjusted, as necessary to obtain the data required. The climb is continued until 
a limitation (i.e. temperature limit) is reached or the aircraft can no longer climb due to 
insufficient power available. 
Amateur-Built Helicopter Test Methods 
During climb and descent testing of the amateur-built helicopter supplemental 
test data is obtained to assist in the level flight performance evaluation. Because trends 
in power usage are not easily identified solely using collective position at higher speeds, 
the maximum range speed is verified as part of descent testing. The theory used to 
determine the maximum glide speed during autorotation is also used to determine the 
maximum range speed. This is possible because the speeds are approximately the 
same.[2] Flight test data available in Reference 19 was used to determine application to 
amateur-built helicopter testing. First, percent collective position for level flight was 
plotted as a function of calibrated velocity and compared with plots of rate of descent 
and level flight power (ESHP) required versus calibrated velocity, see Appendix A, 
Figures A.S and A.6. All plots were constructed using an approximate gross weight of 
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3000 pounds, a forward center of gravity of 107.5 inches and an average density altitude 
of 6500 feet. A speed of approximately 75 knots calibrated is located at the point of 
tangency for a line drawn from the origin in each of the three plots. Another aspect of 
additional infonnation is maximum power available. Because climbs are conducted at 
maximum power available, the pilot must record the stick position once a maximum 
power climb is established. Once the stick position is known, it is referred to determine 
maximum stick position with changes in altitude, this allows for a more complete level 
flight evaluation to be done. Data reduction for climbs and descents can be 
accomplished using the worksheets in Appendix E. 
CLIMB 
The technique that is recommended for amateur-built helicopter testing is the 
test day data method using a "saw tooth" climb to gather data. The observed rate of 
climb is nonnalized to reference condition of ambient temperature and the average 
gross weight of each test run.[24] Although only one series of testing is required, 
testing at multiple gross weights will provide a series of plots that will allow reasonable 
interpolation through the gross weight range of the helicopter. If only one gross weight 
is tested, the normal operating weight should be used. A series of climbs and descents 
are conducted throughout the forward speed range (all speeds above 40 knots) for each 
gross weight at two altitudes. The first series is perfonned as low as safely possible (i.e. 
test band of 1000-2000 feet above ground level) and a second at approximately 3000-
4000 feet above ground level. Testing at the low altitude will provide data most 
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reflective of conditions immediately after take-off. While testing at altitude will take 
advantage of the linear tendency of the change in rate of climb speed to allow broad 
interpretation of climb speeds at various altitudes. Testing should be performed at 5-
knot increments starting at 40 knots and continuing until the maximum speed for level 
flight is approached. Once testing is completed in the region of the maximum climb 
airspeed, the interval can be increased to 1 0  knots.[24] Climbs and descents should be 
alternated to take advantage of the changes in altitude as stated earlier. Each climb will 
be performed at maximum power available. 
DESCENT AND AUTOROTA TION 
The initial descents should be done at varying power settings to familiarize the 
pilot with helicopter response to the changes in power. Once the pilot is familiar with 
the helicopter descent testing is performed in the same manner as climb testing, with 
minimum power applied. The pilot must be familiar with the amount of altitude 
required to recover the helicopter from an autorotative descent before testing is 
attempted. This testing should only be performed by an experienced pilot. 
Stability and Control [26] 
The stability and control of the helicopter can be evaluated during normal climbs 
and descent in the same manner as level flight. The test team should have a general 
expectation as to the flying characteristics before climb and descent testing is begun. 
The helicopter should respond in generally the same manner as during the level flight 
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evaluation once a climb or descent is established. Only limited testing is required to 
verify this assumption and document any changes, if they exist. This is not true of a 
sudden power stoppage during flight where the response is unknown. This unknown 
must be explored methodically. 
Engine Stoppage and Autorotation Theory 
ENGINE FAILURE 
A sudden power loss to a helicopter will result in large changes in the moments 
(rolling, yawing and pitching), which up until the time of engine stoppage have been in 
balance. The degree to which the helicopter will change attitude and deviate from its 
flight path are based on several factors. The location of the centers of gravity (vertical, 
horizontal and lateral), the amount of torque applied to the main rotor (whether 
climbing or descending and forward speed), the amount of anti-torque pedal applied, the 
gross weight and air density are just a few. Additionally, at the time of power stoppage 
the drag force created by the turning of the blades acts to decay rotor speed. The rotor 
decay left unchecked will result in a loss in the amount of thrust created by the rotor 
system. The loss of thrust can be roughly estimated to decrease as the square of the 
rotor speed, or 2 1% with the first 10% decay of rotor speed. The loss of thrust will also 
effect the attitude of the helicopter in a manner dependent on the location of the center 
of gravity with respect to the main rotor shaft. If the center of gravity is located in front 
of the main rotor shaft the nose of the helicopter will pitch down, and visa versa. The 
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closer the center of gravity is to the main rotor shaft the less pitching action that can be 
expected. The sudden reduction of torque in the main rotor will also cause the tail rotor 
thrust to be unbalanced and can cause a lateral drift in the direction of the tail rotor 
thrust if the forward speed is slow enough. The thrust of the tail rotor may also cause a 
rolling motion if the horizontal thrust line of the tail rotor is above or below the vertical 
center of gravity of the helicopter. An additional factor in considering rolling action is 
the location of the lateral center of gravity. Just as the location of the longitudinal 
center of gravity will dictate the pitching response, the location of the lateral center of 
gravity will dictate the rolling response. A prediction to the rates of motion and the 
overall response of the helicopter are developed by complete and methodical flight 
testing prior to conducting sudden engine stoppage testing. For example, the yaw rate 
can be estimated by knowledge of the thrust generated by the tail rotor and the yaw­
damping derivative. The thrust of the tail rotor is a function of the torque required to 
counteract the main rotor divided by distance of the tail rotor from the center of gravity. 
The yaw-damping derivative is the rate at which the helicopter will slow a step input 
yaw rate and is determined while investigating the anti-torque pedal control response. 
WARNINGS. DELAY TIME AND INITIAL CONTROL INPUT 
The indications of a sudden engine stoppage can be difficult to recognize if the 
failure occurs when it is unexpected. The reaction of the helicopter may range from 
unnoticeable to approaching the limits of controllability depending on helicopter 
configuration and flight regime. For example, if the helicopter is performing a low 
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power approach in preparation for landing when the power stops, the pilot may not be 
aware of the power shortage until further application of power is attempted. If the 
aircraft is equipped with an engine failure notification system, the limitations of the 
system are also of interest. 
The amount of time the pilot has to begin corrective action is dependent on the 
aircraft configuration at time of stoppage, as mentioned above, on the minimum rotor 
speed for continued safe operation and the flight control limitations. Another unknown 
is the control effectiveness with the new resultant flow pattern. The new inflow may 
change the moments the main rotor is able to develop and reduce the amount of control 
effectiveness. The new flow may also interact with the fuselage in a manner previously 
undetected. This can result in seemingly unexplained pitching and rolling moments. 
AUTO ROTATIVE LANDINGS 
The success of a landing following an autorotative descent is dependent upon 
the transfer of energy, rotor performance and landing gear design. The transfer of the 
kinetic energy of the main rotor and helicopter must be successfully transferred into 
thrust to slow descent and the landing gear must absorb the remaining forces of impact 
on touchdown. In order to achieve this transfer the helicopter must be prepositioned in 
a state (only certain combinations of airspeed and altitude will allow a successful 
transfer) that will allow the transfer. The height-velocity diagram is the charting of the 
limits of the states that have been demonstrated to allow for a successful landing 
following entry into an autorotative descent, see figure 7.5. [7] This diagram is also the 
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basis for developing the normal operating limits of the helicopter. For example, a 
normal take-off should be performed by flying through the acceptable region of the 
chart. 
Test Methods and Techniques 
The test methods and techniques used to determine the stability and control 
characteristics of the helicopter during climbing and descending flight are the same as 
used for level flight and are not addressed here. The methods and techniques described 
below are for determining the flying qualities of a helicopter during entry into an 
autorotative descent and landing. 
Prior to conducting this type of testing the following tests will have been 
performed: trimmed flight control positions, control response in all axes, both in hover 
and forward flight. A build up procedure is used to first establish the helicopter 
response to the sudden power loss. Initially, the directional control issues are addressed 
by simulating sudden torque changes in an incremental fashion. Then autorotative 
flares are practices with power available, this will establish the altitude, attitude and 
airspeed the helicopter should be in at the termination of the descent. It is to this 
configuration that the limits of entry are established. 
Full autorotative testing is conducted in the following order: (1) steady state 
autorotation performance, (2) flare and landing characteristics, (3) simulated engine 
failure characteristics. It is not until a full autorotative descent and landing is 
1 13 
HEIGHT VELOCITY ENVELOPE 
NOTE: This envelope is designed for inexperienced, low time pilots. Out 
of ground effect (O.G.E.) hovers are prohibited for all Exec pilots 
under 1 50 hours. 
meters FEET 
1 52 m  500' 
1 22 m 400' 
91 m 300' 
61 m 200' 
30 m 1 00' 
CAUTION! 
AVOID OPERATION IN 
SHADED AREA 
MPH 1 0  20 30 40 50 60 70 80 90 
knots 8 1 7  26 35 43 52 61 69 78 
INDICATED AIRSPEED 
Figure 7 .5  
HEIGHT VELOCITY DIAGRAM, ROTORW A Y EXEC 1 62 
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accomplished that the Height-Velocity limits are explored. The limits of the height­
velocity envelope are approached slowly from those conditions that it is known a safe 
autorotation can be accomplished. The initial entry speed for testing is the airspeed 
midway between the minimum rate of descent and the maximum glide speed. Testing 
is also initiated with a light gross weight and a midrange center of gravity. The specific 
entry points tested are presented in figure 7.6.[26] 
Amateur-Built Helicopter Test Method 
The testing of the amateur-built helicopter for flying qualities during 
autorotative entry does not differ in technique from that of commercial applications. 
However, a more conservative approach is necessitated. Each aspect of the testing must 
be well planned to avoid a potential hazardous combination of unexpected responses. 
The testing should begin with determining the response to rapid lowering of the 
collective, by at first slowly reducing the collective and incrementally increasing speed 
of the collective reduction to simulate response to engine failure. Testing must be 
accomplished using the wedge technique described in chapter 4. Testing is also 
conducted at the airspeed midway between minimum rate of descent and maximum 
glide. As the airspeed is increased the pilot can expect a more pronounced response for 
pitching and rolling tendency. If at any point control of the helicopter is in question, 
testing is terminated and the combination of center of gravity, forward airspeed and 
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From the review of AC 90-90A, FAR 27 and acceptable methods of flight­
testing airplanes and helicopters the following conclusions are drawn. 
Adequate handbook data for amateur-built helicopters can be obtained using 
modified commercial flight test techniques. 
The relationship between collective control stick position, measured in percent 
of total collective control stick travel, and engine shaft horsepower required allows for 
collective control stick position to be an adequate indicator of power required to 
evaluate the performance characteristics of an amateur-built helicopter. 
Flight test techniques used to evaluate the stability and control of commercial 
and military helicopters can be used to evaluate the stability and control characteristics 
of an amateur-built helicopter when the techniques are modified to accommodate the 
instrumentation available. 
Insufficient engine performance data is made available to the amateur-built 
helicopter builder to properly evaluate amateur-built helicopter performance 
characteristics. The performance data that is made available typically does not include 
performance characteristics for engine operation at constant speed and is often limited 
to sea level, standard conditions. 
Amateur-built helicopters are typically not equipped with the required aircraft 
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instrumentation to properly evaluate performance and stability and control 
characteristics. 
Successful safe completion of any flight test program is dependent on 
knowledge, planning and execution. Flight-testing of amateur-built helicopter 1s 
inherently dangerous and should not be conducted by inexperienced pilots. 
The maximum range airspeed and maximum rate of climb airspeed can be 
determined for test day condition by climb and descent testing. 
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Chapter 9 
Recommendations 
The following recommendations are made: 
• The methods previously described to evaluate the performance and stability and 
control characteristics of amateur-built helicopters should be presented to the EAA 
for review and in-flight evaluation. 
• Amateur-built helicopter engine manufacturers should be encouraged to produce 
engine performance data for constant speed operation at varying density altitudes. 
• Amateur-built helicopter manufactures should be encouraged to provide the 
instruments required to conduct more accurate and repeatable flight test. At a 
minimum a method of determining power usage is required. 
• Amateur-built helicopter manufactures should be encouraged to provide the baseline 
performance and stability and control characteristics data derived from development 
flight test. 
• The EAA should evaluate each flight test previously described and provide specific 
guidance tailored to its pilot members that will assist them in determining if they are 
capable of safely and properly conducted each flight test. 
1 1 9 
REFERENCES 
120 
1 .  United States Department of Transportation, Federal Aviation Administration. 
Advisory Circular 90-89A. Amateur-Built Aircraft and Ultralight Flight Testing 
Handbook. Washington, DC: Flight Operations, 24 May 1 995. 
2. United States Naval Test Pilot School. United States Naval Test Pilot School 
Flight Test Manual. Rotary Wing Performance. USNTPS-FTM-No. 1 06. 
Patuxent River, MD: Naval Air Warfare Center, revised 3 1  December 1996. 
3. · Laura Gonzales Fetters, ed. Mini-500 Accident Analysis. Excelsior Springs, MO: 
Revolution Helicopter Corp., Inc., 3 1  December 1 998 
4. Laura Gonzales Fetters, ed. Reaching the Customer. Excelsior Springs, MO: 
Revolution Helicopter Corp., Inc., Fall 1 998. 
5. Campbell, J.R. "US Aviator Magazine Recommends Voluntary Corrective Action 
in Mini-500 Accident Probe." USAviator Jan/Feb 1 999: 25-39. 
6. Askue, Vaughan. Flight Testing Homebuilt Aircraft. Ames, Iowa: Iowa State 
University Press, 1 992. 
7. RotorWay International. Exec 1 62F Flight Manual. Chandler, AZ: RotorWay 
International, n.d. 
8. "Section 26, Inspection of a New Aircraft." RotorWay International. Exec 1 62F 
Construction Manual. Chandler, AZ: RotorWay International, n.d. 
9. Berthe, Chuck. "First Flight Follies, Getting in the Right Frame of Mind for a 
Homebuilt's First Flight is Critical." Kitplanes May 1997: 32-43. 
1 0. Bingelis, Tony. "Flight Testing Homebuilts, Stage One: Making Preparations for 
Flight Testing." Sport Aviation 28 January 1989: 27-30. 
1 1 . Department of the Army. Aeromedical Training for Flight Personnel. FM 1 -30 1 .  
Fort Rucker, AL: US Army Aviation Center, May 1 987. 
1 2. Prouty, R.W. Helicopter Aerodynamics. Potomac, MD: Phillips Publishing, Inc., 
1 985. 
1 3 .  "Section 7, Rigging and Balancing" Mini-500 Aircraft Assembly and Maintenance 
Manual. Excelsior Springs, MO: Revolution Helicopter Corp., n.d. 
121  
14. United States Department of Transportation, Federal Aviation Administration. 
Advisory Circular 61 -84B. Role of Preflight Preparation. Washington, DC: 
Flight Operations, 1 8  March 1 985. 
15 .  Kimberlin, Ralph D. Stability & Control Flight Testing Lecture Notes. 
Tullahoma, 'IN: University of Tennessee Space Institute, n.d. 
16. Prouty, Raymond W. Helicopter Performance. Stability, and Control, Malabar, FL: 
Robert E. Krieger Publishing Company, Inc, 1990. 
1 7. Department of the Army. Engineering Design Handbook. Helicopter Performance 
Testing. Alexandria, VA: United States Army Material Command, 1 August 
1974. 
1 8. Dunham, Jeff. "Building a Rotor Way 162F, Part 8 of 8" Kitplanes November 
1 997: 35. 
19. Department of the Army. Technical Manual. Aviation Unit and Intermediate 
Maintenance for Army Models UH-60A Helicopters. UH-60L Helicopters. EH-
160A Helicopters. Chapter 1 1 . Flight Controls System. Washington DC, 
Department of the Army, 29 May 1998. 
20. Proudy, R.W. Even More Helicopter Aerodynamics. Potomac, MD: Phillips 
Business Information Inc, 1993. 
2 1 .  Introduction to Aircraft Flight Test Engineering. Casper, WY: lAP, Inc., n.d. 
22. Department of the Army. Fundaments of Flight. Fort Rucker, AL: US Army 
Aviation Center, October 1 988. 
23. Revolution Helicopter Com .. Inc. Mini-500 Pilot's Operating Handbook. Excelsior 
Springs, MO: Revolution Helicopter Corp, n.d. 
24. Layton, Donald M., Helicopter Performance, Beaverton, Oregon: Matrix 
Publishers, Inc, 1 984. 
25. Richards, R.B. Principles of Helicopter Performance. Patuxent River, MD: United 
States Naval Test Pilot School, revised October 1994. 
122 
26. United States Naval Test Pilot School. United States Naval Test Pilot School 
Flight Test Manual. Rotary Wing Stability and Control. USNTPS-FTM-No 
1 07. Patuxent River, MD: Naval Air Warfare Center, revised 3 1  December 
1 995. 
27. Nelson, Robert C. Flight Stabilitv and Automatic Control. Boston, Mass: WCB 
McGraw-Hill, 1 998. 
28. Kimberlin, Ralph D. Performance Flight Testing Lecture Notes. Tullahoma, 1N: 
University of Tennessee Space Institute, n.d. 
29. Woolf, Henry B. Webster's New Collegiate Dictionarv. Springfield, Mass: G. & 
G. Merriam Company, 1 98 1 .  
30. Department of the Army. Airworthiness and Flight Characteristics Evaluation. 
OH-58C Interim Scout Helicopter. Edwards Air Force Base, CA: United States 
Army Aviation Engineering Flight Activity, April 1 979. 
3 1 .  Department of the Army. Technical Manual. Operators Manual. Helicopter. 
Primary Trainer TH-55A. TM 55-1520-233-10. n.p.: United States Army, 30 
September 1 976. 
32. Layton, D.M. Constant Altitude Helicopter Flight Testing. American Institute of 
Aeronautics and Astronautics Report AIAA-86-9787. Per Safe, Salinas, CA: 





DATA ANALYSIS OF COLLECTIVE POSITION 
125 Appendix A 
Table A-I 
TH-55 LEVEL FLIGHT ENGINE POWER AVAILABLE 
No Quantity Reference Units 1 2 3 4 5 
(1) SL ESHPavail Manual HP 180 180 180 180 180 
(2) Pressure Altitude Arbitrary ft 0 4000 4000 8000 8000 
(3) Pressure Ratio Lookup Table N / D  1 0.8637 0.8637 0.7428 0.7428 
(4) Temperature Arbitrary oc 15  40 0 40 0 
(5) Standard Loolcup Table oc 15.0 7. 1 7. 1 -0.8 -0.8 Temperature 
(6) Temperature Ratio Lookup Table N / D  1 1 .0868 0.9479 1 .0868 0.9479 
(7) Density Ratio (3) / (6) N / D  1 0.7947 0.9 1 1 1  0.6835 0.7836 
(8) Density Altitude Lookup Table ft 0 7650 3 1 50 12440 8100 
(9) Test ESHPavail (1 )* [(7)-{  1 -(7)}17.55] HP 180 138.15 1 6 1 .88 1 1 5.48 1 35.88 
(10) Lookup Value Manual HP 180 140 160 118 135 
(11) Error 100 - [(8) 1(9)]*100 % 0 1.3 1. 0 2.2 0. 7  
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Table A-II 
OH-58 LEVEL FLIGHT DATA REDUCTION SCHEME 
No Quantity Reference Units 
(1) Collective position Flight Data in/ mm 
(2) Indicated Airspeed Flight Data kn / mph 
(3) Time elapsed Flight Data min. 
(4) Rotor speed Flight Data % / RPM 
(5) Pressure alt Flight Data Ft 
(6) Observed temp Flight Data ·c 
(7) Starting weight Flight Data Lbs. 
(8) Ending weight Flight Data Lbs. 
(9) Length of flight Flight Data min. 
(10) Time elapsed Flight Data min. 
(1 1 )  Fuel used per min ((7) • (8)) I (9) Lbs. 
(12) Test weight (7) - (3)0(1 1 )  Lbs. 
(13) Absolute temp (6) + 273.1 5  "K 
(14) Temperature ratio (13) / 288.16 N / D  
(15) Pressure ratio Look up table N / D  
(16) Test density ratio (14) I (15) N / D  
(17) (Test density ratio)".S (16)".5 N / D  
(18) Standard rotor speed Operator's manual % / RPM 
(19) Rotor speed ratio (4) I (18) N / D  
(20) Total collective travel Flight Data inlmm 
(21) Percent collective travel ((1 ) I (19)) • 100 % 
(22) Weight referred [(12) I (16)] • (19)"2 N / D  
(23) True velocity referred ((2) I (1 7)) • (19) N / D  
(24) % Colledive travel referred ((21) I (16)) • (1 9)"3 N / D  
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Table A-III 
DATA REDUCTION OF FIGURE 33 (COLLECTIVE TRAVEL) 
No 1 2 3 4 5 6 7 8 
Figure 33 DA 5400 
(1)  3.6 3.2 3.2 3.4 3.8 4.4 5 5.4 
(2) 30 40 50 60 70 80 90 95 
(3) 







(1 1 )  




(16) 0.85127 0.85127 0.85127 0.85127 0.85127 0.85127 0.85127 0.85127 
(17) 0.92264 0.92264 0.92264 0.92264 0.92264 0.92264 0.92264 0.92264 
(18) 350 350 350 350 350 350 350 350 
(19) 1 .00571 1 .00571 1 .00571 1 .00571 1 .00571 1 .00571 1 .00571 1 .00571 
(20) 1 0.2 10.2 10.2 10.2 10.2 10.2 10.2 1 0.2 
(21) 35.29 31 .37 31 .37 33.33 37.25 43. 14  49.02 52.94 
(22) 3255.61 3255.61 3255.61 3255.61 3255.61 3255.61 3255.61 3255.61 
(23) 32.70 43.60 54.50 65.40 76.30 87.20 98.10  1 03.55 
(24) 42.18 37.49 37.49 39.83 44.52 51.55 58.58 63.26 
Note: Table derived using flight test data obtained in Reference 29. 
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Table A-IV 
DATA REDUCTION OF FIGURE 34 (COLLECTIVE TRAVEL) 
No 1 2 3 4 5 6 7 8 
Figure 34 DA 6000 
(1) 4 3.8 3.9 4.1 4.4 5 5.6 5.9 
(2) 30 40 50 60 70 80 90 95 
(3) 







(1 1 )  




(16) 0.83587 0.83587 0.83587 0.83587 0.83587 0.83587 0.83587 0.83587 
(17) 0.914259 0.914259 0.914259 0.914259 0.914259 0.914259 0.914259 0.914259 
(18) 350 350 350 350 350 350 350 350 
(19) 1 1 1 1 1 1 1 1 
(20) 1 0.2 10.2 10.2 10.2 10.2 10.2 10.2 1 0.2 
(21) 39.22 37.25 38.24 40.20 43.14  49.02 54.90 57.84 
(22) 3636.93 3636.93 3636.93 3636.93 3636.93 3636.93 3636.93 3636.93 
(23) 32.81 43.75 54.69 65.63 76.56 87.50 98.44 103.91 
(24) 46.92 44.57 45.74 48.09 51 .61 58.65 65.68 69.20 
Note: Table derived using flight test data obtained in Reference 29. 
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Table A-V 
DATA REDUCTION FIGURE 35 (COLLECTIVE TRAVEL) 
No 1 2 3 4 6 6 
Figure 35 DA 10120 
(1) 5 4.6 4.7 5.1 5.8 6.8 
(2) 30 40 50 60 70 80 
(3) 












(16) 0.7357 0.7357 0.7357 0.7357 0.7357 0.7357 
(17) 0.85773 0.85773 0.85773 0.85773 0.85773 0.85773 
(18) 350 350 350 350 350 350 
(19) 0.991429 0.991429 0.991429 0.991429 0.991429 0.991429 
(20) 1 0.2 10.2 1 0.2 10.2 10.2 1 0.2 
(21) 49.02 45.10 46.08 50.00 56.86 66.67 
(22) 4195.19 4195.19 4195.19  4195.19 4195.19  4195.19 
(23) 34.68 46.24 57.79 69.35 80.91 92.47 
(24) 64.93 59.74 61 .04 66.23 75.32 88.31 
Note: Table derived using flight test data obtained in Reference 29. 
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Table A-VI 
DATA REDUCTION OF FIGURE 1 7  (ESHP REQUIRED) 
No 1 2 3 4 5 6 7 8 9 
Figure 1 7  DA 2720 
(1) 134 1 20 1 1 6  124 136 156 182 217 258 
(2) 30 40 50 60 70 80 90 100 1 10 
(3) 












(16) 0.92281 0.92281 0.92281 0.92281 0.92281 0.92281 0.92281 0.92281 0.92281 
(17) 0.96063 0.96063 0.96063 0.96063 0.96063 0.96063 0.96063 0.96063 0.96063 
(18) 350 350 350 350 350 350 350 350 350 
(19) 1 1 1 1 1 1 1 1 1 
(20) 
(21) 
(22) 2947.52 2947.52 2947.52 2947.52 2947.52 2947.52 2947.52 2947.52 2947.52 
(23) 31 .23 41 .64 52.05 62.46 72.87 83.28 93.69 104.10 1 14.51 
(24) 145.21 130.04 1 25.70 134.37 147.38 169.05 1 97.22 235.1 5  279.58 
Notes: Table derived using flight test data obtained in Reference 29. Percent Collective Stick 
Position is replace by ESHP required at ( 1). Percent Collective Stick Position Referred is 
replace by ESHP Required Referred at (24). 
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Table A-VII 
DATA REDUCTION OF FIGURE 1 9  (ESHP REQUIRED) 
No 1 2 3 4 5 6 7 8 9 
Figure 19  DA 6600 
(1) 148 1 30 1 23 1 27 138 1 57 1 82 212 258 
(2) 30 40 50 60 70 80 90 100 1 1 0  
(3) 







(1 1 )  




(16) 0.82066 0.82066 0.82066 0.82066 0.82066 0.82066 0.82066 0.82066 0.82066 
(17) 0.905903 0.905903 0.905903 0.905903 0.905903 0.905903 0.905903 0.905903 0.9059029 
(18) 350 350 350 350 350 350 350 350 350 
(1 9) 1 .005714 1 .005714 1 .005714 1 .005714 1 .005714 1 .005714 1 .005714 1 .005714 1.0057143 
(20) 
(21) 
(22) 3352.39 3352.39 3352.39 3352.39 3352.39 3352.39 3352.39 3352.39 3352.39 
(23) 33.31 44.41 55.51 66.61 77.71 88.81 99.92 1 1 1 .02 1 22.1 2  
(24) 1 83.45 161.14 1 52.46 1 57.42 171 .06 194.61 225.60 262.78 319.80 
Notes: Table derived using flight test data obtained in Reference 29. Percent Collective Stick 
Position is replace by ESHP required at ( 1). Percent Collective Stick Position Referred is 
replace by ESHP Required Referred at (24). 
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Table A-VIII 
DATA REDUCTION OF FIGURE 22 (ESHP REQUIRED) 
No 1 2 3 4 6 6 7 
Figure 22 OA 9140 
(1) 1 53 144 147 160 182 220 278 
(2) 40 50 60 70 80 90 100 
(3) 







(1 1 )  




(16) 0.75865 0.75865 0.75865 0.75865 0.75865 0.75865 0.75865 
(17) 0.871005 0.871005 0.871005 0.871005 0.871005 0.871005 0.871005 
(18) 350 350 350 350 350 350 350 
(19) 0.988571 0.988571 0.988571 0.988571 0.988571 0.988571 0.988571 
(20) 
(21) 
(22) 4019.10 4019.10 4019.10  4019.10 4019.10 401 9.10 4019.10  
(23) 45.40 56.75 68.10 79.45 90.80 102.15 1 13.50 
(24) 194.84 183.38 1 87.20 203.75 231 .77 280.16 354.02 
Notes: Table derived using flight test data obtained in Reference 29. Percent Collective Stick 
Position is replace by ESHP required at ( 1 ). Percent Collective Stick Position Referred is 
replace by ESHP Required Referred at (24). 
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Table A-IX 
OH-58 LEVEL FLIGHT DATA EXPANSION SCHEME 
No Quantity Reference 
(1) Desired pressure alt Arbitrary 
(2) Desired ambient temp Arbitrary 
(3) Absolute temp (2) + 273.1 5  
(4) Temperature ratio (3) 1 288.16  
(5) Pressure ratio Look up table 
(6) Density ratio (4) I (5) 
(7) Desired rotor speed Arbitrary 
(8) Standard rotor speed Operatofs manual 
(9) Rotor speed ratio (7) I (8) 
(10) Desired weight Arbitrary 
(11 )  Desired weight referred [(1 0) I (6)] * (9)"2 
(12) Desired calibrated Arbitrary 
airspeed 
(13) (Density ratlo) ...  5 (6)"'.5 
(14) Desired true airspeed [(12) I (13)] * (9) 
referred 
(15) Percent collective travel Level flight 
referred performance 
working plot 
(16) Percent collective position [(15) * (6)] 1 (9)"'3 
(17) Total collective travel Flight data 
(18) Collective position (16) * (17) 1 1 00 
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Table A-X 
DATA EXPANSION OF OH-58 COLLECTIVE POSITION 






(6) 0.81 264 0.81264 0.81264 0.81264 0.81264 0.81264 
(7) 355 355 355 355 355 355 
(8) 350 350 350 350 350 350 
(9) 1 .0142857 1 .0142857 1 .0142857 1 .0142857 1 .0142857 1 .0142857 
(10) 2925 2925 2925 2925 2925 2925 
(1 1) 3702.9538 3702.9538 3702.9538 3702.9538 3702.9538 3702.9538 
(12) 40 50 60 70 80 90 
(13) 0.9014655 0.9014655 0.9014655 0.9014655 0.9014655 0.9014655 
(14) 45.006081 56.257602 67.509122 78.760643 90.012163 101 .26368 
(15) 47 48 52 55 66 74 
(16) 36.602869 37.381653 40.496791 42.833145 51 .399773 57.630049 
(17) 10.2 1 0.2 10.2 10.2 10.2 10.2 
(18) 3.7334926 3.8129286 4.1306727 4.3689807 5.2427769 5.878265 
Note: Table derived using flight test data obtained in Reference 29. 
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Table A-XI 
DATA EXPANSION OF OH-58 ESHP 






(6) 0.81264 0.81264 0.81264 0.81264 0.81264 0.81264 0.81264 0.81 264 
(7) 355 355 355 355 355 355 355 355 
(8) 350 350 350 350 350 350 350 350 
(9) 1 .0142857 1 .0142857 1 .0142857 1 .0142857 1 .0142857 1 .0142857 1 .0142857 1 .0142857 
(10) 2925 2925 2925 2925 2925 2925 2925 2925 
(11 )  3702.9538 3702.9538 3702.9538 3702.9538 3702.9538 3702.9538 3702.9538 3702.9538 
(12) 40 50 60 70 80 90 100 1 1 0  
(13) 0.9014655 0.9014655 0.9014655 0.9014655 0.9014655 0.9014655 0.9014655 0.9014655 
(14) 45.006081 56.257602 67.509122 78.760643 90.012163 101 .26368 1 12.5152 123.76672 
(15) 160 155 160 180 210 240 295 380 
(16) 1 24.60551 120.71 159 1 24.60551 140.181 2  163.54473 1 86.90827 229.74141 295.93809 
(17) 
(18) 
Notes: Table derived using flight test data obtained in Reference 29. Percent Collective Stick 
Position Referred is replace by ESHP Referred required at ( 1 5). Percent Collective Stick 
Position is replace by ESHP Required at ( 16). 
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LOOKUP TABLES 





































·c •F N / 0  
1 9.0 66.2 1 .01 375 
1 8.5 65.3 1 .01203 
1 8.0 64.4 1 .01 031 
1 7.5 63.5 1 .00859 
1 7.0 62.6 1 .00688 
1 6.5 61.7 1 .00516 
1 6.0 60.8 1 .00344 
1 5.5 59.9 1 .001 72 
1 5.0 59.0 1 .00000 
14.5 58.1 0.99828 
14.0 57.3 0.99656 
1 3.5 56.4 0.99484 
1 3.0 55.5 0.99312 
1 2.5 54.6 0.99141 
1 2.0 53.7 0.98969 
1 1 .5 52.8 0.98797 
1 1 .0 51 .9 0.98625 
10.5 51 .0 0.98453 
1 0.0 50.1 0.98281 
9.6 49.2 0.981 09 
9.1 48.3 0.97937 
8.6 47.4 0.97765 
8.1 46.6 0.97594 
7.6 45.7 0.97422 
7. 1 44.8 0.97250 
6.6 43.9 0.97078 
6.1  43.0 0.96906 
5.6 42. 1 0.96734 




N / 0 N / 0  
1 .07442 1 . 05985 
1 .06488 1 .05222 
1 .05541 1 .04463 
1 .04601 1 .03709 
1 .03667 1 .02959 
1 .02740 1 .0221 3 
1 .01 820 1 .01471 
1 .00907 1 .00734 










0.91 290 0.92887 
0.90454 0.92 1 97 
0.89624 0.91 512 
0.88800 0.90830 



































·c "F N / D  
4.6 40.3 0.96390 
4.1 39.4 0.9621 8 
3.6 38.5 0.96047 
3. 1 37.6 0.95875 
2.6 36.8 0.95703 
2.1 35.9 0.95531 
1 .6 35.0 0.95359 
1 . 1  34.1 0.951 87 
0.6 33.2 0.95015 
0. 1 32.3 0.94843 
-0.4 31 .4 0.94671 
-0.8 30.5 0.94500 
-1.3 29.6 0.94328 
-1 .8  28.7 0.94156 
-2.3 27.8 0.93984 
-2.8  26.9 0.93812 
-3.3 26.1 0.93640 
-3.8 25.2 0.93468 
-4.3 24.3 0.93296 




N / D  N / D  





0.78638 0.8231 8  
0.77897 0.81 689 
0.77162 0.81 065 
0.76433 0.80443 
0.75709 0.79826 





0.71 480 0.76 1 96 
0.70795 0.75604 
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Temperature Ratio 
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HOVER PERFO�CE 
OBJECTIVE: To determine helicopter perfonnance during hover. 
METHOD: 
1 .  Determine the maximum collective position that will sustain constant Rotor 
RPM. 
2. Determine how the collective position varies with changes to gross weight, 
rotor speed and density altitude at a constant hover height. 
WEATHER REQUIREMENTS: Maximum wind speed of3 knots, smooth air. 
DATA REQUIREMENTS: 
1 .  Collective position 
2. Rotor speed 
3.  Time 
4. Pressure altitude, Temperature 
5. Starting gross weight 
6. Ending gross weight. 
7. Total flight time. 
DATA REDUCTION AND EXPANSION: 
1 .  Reduce each data point to percent collective travel referred and weight 
referred using the Hover Data Reduction Worksheet (Table C-1). 
2. Create a hover performance working plot for each hover height tested using 
the results of step 1 (W eightrer vs Percent Collective Travelrer, Figure C. l ). 
3. Expand the data for a minimum of two gross weights at each expected 
combination of temperature, pressure altitude and rotor speed using the 
Hover Performance Working Plot and the Hover Data Expansion Worksheet 
(Table C-11). 
4. Create a new plot for each hover height of interest using the Hover Data 
Expansion Worksheet (Collective Position vs Density Altitude, Figure C.2). 
5. Detennine the maximum collective stick position as a function of density 
altitude using the Maximum Stick Position Worksheet (Table C-111). 
6. Plot the result of step 5 on the same plot as step 4. 
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Table C-1 
HOVER FLIGHT DATA REDUCTION WORKSHEET 
No Quantity Reference Units 1 2 
(1) Pressure alt Flight Data ft 
(2) Observed temp Flight Data ·c 
(3) Rotor speed Flight Data % / RPM 
(4) Collective position Flight Data in/mm 
(5) Starting weight Flight Data Lbs. 
(6) Ending weight Flight Data Lbs. 
(7) Length of flight Flight Data min. 
(8) Time elapsed Flight Data min. 
(9) Fuel used per min [(6) - (5)] I (7) Lbs. 
(10) Test weight (5) • (8t(9) Lbs. 
(11)  Absolute temp (2) + 273.15 •K 
(12) Temperature ratio (8) / 288.16 N / D  
(13) Pressure ratio Look up table N / D  
(14) Test density ratio (12) I (13) N / D  
(15) Standard rotor speed Operator's manual % / RPM 
(16) Rotor speed ratio (3) I (15) N / D  
(17) Total collective travel Flight Data in/mm 
(18) Percent collective travel [(4) I (17)) • 100 % 
(19) Weight referred [(10) I (14)] • (16)"'2 N / D  
(20) % Collective travel referred [(18) I (14)) . (16)A3 N / D  
Note: If instrument calibration has be performed substitute calibrated values for observed values. 
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Table C-11 
HOVER FLIGHT DATA EXPANSION WORKSHEET 
No Quantity Reference Units 1 2 
(1) Desired pressure alt Arbitrary ft 
(2) Desired ambient temp Arbitrary ·c 
(3) Absolute temp (2) + 273.15 "K 
(4) Temperature ratio (3) / 288.16 N / 0  
(5) Pressure ratio Look up table N / 0  
(6) Test density ratio (4) I (5) N / D  
(7) Desired rotor speed Arbitrary % / RPM 
(8) Standard rotor speed Operator's manual % / RPM 
(9) Rotor speed ratio (7) I (8) % / RPM 
(10) Desired weight Arbitrary Lbs. 
(1 1 )  Desired weight referred [(1 0) I (6)] • (9)"2 Lbs. 
(12) Percent collective travel Hover performance % 
referred working plot 
(13) Percent collective [( 12) • (6)] I (9)113 % 
position 
(14) Total collective travel Flight data % 
(15) Collective position (13) . (14) / 100 in/mm 
Note: To determine the percent collective travel referred, enter the working plot on the vertical axis at 
the value that corresponds with the desired gross weight referred, move horizontally to the right until 
intercepting the desired hover height, then read the corresponding percent collective travel referred 
below. 
153 Appendix C 
Table C-III 
MAXIMUM STICK POSITION DETERMINATION 
No Quantity Reference Units Test 1 2 
(1)  Pressure alt Flight Data ft 
(2) Observed temp Flight Data ·c 
(3) Collective position Flight Data in/mm 
(4) Absolute temp (2) + 273.15 "K 
(5) Temperature ratio (4) I 288.16 N I D  
(6) Pressure ratio Look up table N I D  
(7) Test density ratio (5) I 6) N I D  
(8) Total collective travel Flight Data in/mm 
(9) Percent collective travel ((3) I (8)) • 1 00 % 
(10) Altitude correction factor (7) • [ (1· (7) ) I 7.55] N I D  
(1 1 )  Percent collective travel SL (9) I (10) % 
(12) Desired pressure alt Arbitrary ft 
(13) Desired ambient temp Arbitrary ·c 
(14) Absolute temperature (13) + 273.15 "K 
(15) Temperature ratio (14) I 288.16 N I D  
(16) Pressure ratio Look up table N / D  
(17) Density ratio (15) I (16) N / D  
(18) Altitude correction factor (17) - [ (1- (17) ) 1 7.55] N / D  
(19) Desired percent collective travel (1 1 ) " (18) % 
(20) Desired collective position (19) . (9) 1 100 inlmm 
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LEVEL FLIGHT PERFORMANCE 
OBJECTIVE: To determine helicopter performance dwing level flight. 
METHOD: 
1 .  Determine how the collective position varies with changes to gross weight, 
rotor speed, density altitude and forward speed. 
2. Determine the maximum collective stick position. 
WEATHER REQUIREMENTS: Greater than 3000 feet ceiling and 5 miles visibility, 
smooth air. 
DATA REQUIREMENTS: 
1 .  Collective position 
2. Airspeed 
3. Time 
4. Rotor speed 
5.  Pressure altitude, Temperature 
6. Starting gross weight 
7. Ending gross weight. 
8.  Total flight time. 
DATA REDUCTION AND EXPANSION: 
1 .  Reduce each data point to percent collective travel referred, weight referred 
and true velocity referred using the Level Flight Data Reduction Worksheet 
(Table D-1). 
2. Create a working plot of the results of step 1 for each speed run completed 
(True VelocitYrer vs Percent Collective Travelrer, Figure D.l). 
3.  Expand the data for a minimum of two arbitrary gross weights at each 
temperature; pressure altitude and rotor speed combination of interest using 
the working plot and the Level Flight Data Expansion Worksheet (Table D-
11). 
4. Plot the results of step 3 for each combination selected (Calibrated Airspeed 
vs Collective Position, Figure D.2). 
5. Once the maximum stick position is determined, determine the maximum 
collective stick position as a function of density altitude using the attached 
data reduction scheme (Appendix C, Table C-III). The maximum stick 
position determined in a hover may not be interchangeable with the 
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maximum stick position during level flight. The maximum stick position 
during level flight must be determined separately. 
6. Plot the result of step 5 on each Level Flight Performance Chart. 
7. Determine the maximum endurance airspeed for each gross weight of 
interest using the plots of Calibrated Airspeed vs. Collective Position. The 
maximum endurance airspeed is the airspeed that corresponds with the 
lowest collective stick position, see Figure D.3 .  
8 .  Determine the maximum range airspeed for each gross weight of interest 
using the plots of Calibrated Airspeed vs. Collective Position. The 
maximum endurance airspeed is the airspeed that corresponds with the point 
of tangency drawn from the origin to the stick position line, see Figure D.3. 
9. Determine the maximum velocity for each plot of Calibrated Airspeed vs. 
Collective Position. The maximum velocity for level flight is the 
intersection of the line of constant gross weight and maximum stick position, 
see Figure D.3. 
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Table D-1 
LEVEL FLIGHT DATA REDUCTION WORKSHEET 
No Quantity Reference Units No 1 2 
(1) Collective position Flight Data in/ mm (1) 
(2) Indicated Airspeed Flight Data kn / mph (2) 
(3) Time elapsed Flight Data min. (3) 
(4) Rotor speed Flight Data % / RPM (4) 
(5) Pressure alt Flight Data ft (5) 
(6) Observed temp Flight Data •c (6) 
(7) Starting weight Flight Data Lbs. (7) 
(8) Ending weight Flight Data Lbs. (8) 
(9) Length of flight Flight Data min. (9) 
(10) Time elapsed Flight Data min. (10) 
(1 1)  Fuel used per min [(7) • (8)) I (9) Lbs. (1 1)  
(12) Test weight (7) - (3).(1 1)  Lbs. (12) 
(1 3) Absolute temp (6) + 273.15 •K (13) 
(14) Temperature ratio (13) / 288.16 N / D  (14) 
(15) Pressure ratio Look up table N / D  (15) 
(16) Test density ratio (14) I (15) N / D  (16) 
(17) (Test density ratio)".5 (16)".5 N / D  (17) 
(18) Standard rotor speed Operator's manual % / RPM (18) 
(19) Rotor speed ratio (4) I (18) N / D  (19) 
(20) Total collective travel Flight Data in/mm (20) 
(21) Percent collective travel [(1) I (19)] • 100 % (21) 
(22) Weight referred [(12) I (16)) • (19)"2 N / D  (22) 
(23) True velocity referred [(2) I (17)] • (19) N / D  (23) 
(24) % Collective travel referred [(21) I (16)) * (19)"3 N / D  (24) 
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Table D-II 
LEVEL FLIGHT DATA EXPANSION WORKSHEET 
No Quantity Reference Units 1 2 
(1) Desired pressure alt Arbitrary ft 
(2) Desired ambient temp Arbitrary ·c 
(3) Absolute temp (2) + 273.1 5  "K 
(4) Temperature ratio (3) / 288.16 N / D  
(5) Pressure ratio Look up table N / D  
(6) Density ratio (4) I (5) N I D  
(7) Desired rotor speed Arbitrary % / RPM 
(8) Standard rotor speed Operator's manual % / RPM 
(9) Rotor speed ratio (7) I (8) % / RPM 
(10) Desired weight Arbitrary Lbs. 
(1 1 )  Desired weight referred [(10) I (6)) . (9)A2 Lbs. 
(12) Desired calibrated Arbitrary kn / mph 
airspeed 
(13) (Density ratio)".5 (6)A.5 N / 0  
(14) Desired true airspeed [(12) I (13)] • (9) kn / mph 
referred 
(15) ESHP referred Level flight N / D  
performance 
working plot 
(16) ESHP [(15) . (6)] I (9)A3 % 
(17) Total collective travel Flight data lnlmm 
(18) Collective position (16) . (17) / 100 lnlmm 
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CLIMB AND DESCENT PERFORMANCE 
OBJECTIVE: To detennine helicopter climb and descent performance. A secondary 
objective is to determine the maximum collective stick position during 
forward flight. 
METHOD: 
1 .  Determine how rate of climb varies with changes to density altitude and 
forward speed. 
2.  Determine the maximum stick position. 
WEATHER REQUIREMENTS: Greater than 3000 feet ceiling and 5 miles visibility, 
smooth air. 
DATA REQUIREMENTS: 
1 .  Collective position 
2. Airspeed 
3 .  Time 
4. Elapsed time during climb 
5. Altitude band 
6. Pressure altitude, temperature 
7. Starting gross weight 
8.  Ending gross weight 
9. Total flight time. 
DATA REDUCTION AND EXPANSION: 
1 .  Calculate corrected rate of climb throughout the entire speed range tested for 
each altitude band using the Climb Performance Data Reduction Worksheet 
(Table E-I). 
2. Create a working plot using the results of step 1 for the normal operating 
gross weight (Calibrated Airspeed vs Rate of Climb, Figure E. 1 ). The 
nominal gross weight is that at which most helicopter operation is expected 
to occur. 
3. Approximate the maximum rate of climb airspeed for each pressure altitude 
of interest using the results of the climb performance working plot. 
4. Calculate corrected rate of descent throughout the entire speed range tested 
for each altitude band using the Descent Performance Data Reduction 
Worksheet (Table E-11). 
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5.  Create a working plot using the results of step 1 for the normal operating 
gross weight (Calibrated Airspeed vs Rate of Climb, Figure E.2). 
6. Approximate the minimum rate of climb airspeed and the maximum 
glide/maximum range airspeed for each pressure altitude of interest using the 
results of step 5. 
7. Determine maximum stick position as a function of density altitude using the 
Maximum Collective Stick Position Data Reduction Scheme (Appendix A, 
Table A-III). The maximum stick position determined in a hover may not be 
interchangeable with the maximum stick position during level flight. The 
maximum stick position during forward flight must be determined 
separately. 
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Table E-1 
CLIMB DATA REDUCTION WORKSHEET 
No Quantity Reference Units 1 2 
(1) Collective position Flight Data ft 
(2) Airspeed Flight Data kn l mph 
(3) Time elapsed Flight Data min. 
(4) Rotor speed Flight Data % / RPM 
(5) Pressure alt Flight Data ft 
(6) Observed temp Flight Data ·c 
{7) Starting weight Flight Data Lbs. 
(8) Ending weight Flight Data Lbs. 
(9) Length of flight Flight Data min. 
(10) Time to climb Flight Data min. 
(1 1 )  Fuel used per min [(7) - (8)] I (9) Lbs. 
(12) Test weight (7) - (3)0(1 1 )  Lbs. 
(13) Standard weight Arbitrary 2 Lbs. 
(14) Weight correction factor ((13) I (12)]".5 N / D  
(15) Absolute temp test (6) + 273.1 5  •K 
(16) Standard temperature Lookup table ·c 
(17) Absolute temp standard (6)_ + 273.15 "K 
(18) Temperature correction (15) I (17) N I D  
factor 
(19) Climb correction factor (14) 0_(18) N / D  
(20) Altitude band Flight Data ft 
(21) Elapsed time during Flight Data sec 
climb 
(22) Rate of climb [(20) I (21 )] • 60 ft I min 
(23) Corrected rate of climb (22) . (19) ft I min 
Notes 
1 .  If Instrument calibration has been performed, substitute calibrated values for observed 
values (altimeter, airspeed, etc.). 
2. Expected normal operaUng weighl All data Is reduced using a single gross weighl 


























DESCENT DATA REDUCTION WORKSHEET 
Quantity Reference 
Collective position Fliaht Data 
Airspeed Fllaht Data 
Time elapsed Fliaht Data 
Rotor speed Fli!Jht Data 
Pressure alt Fliaht Data 
Observed temp Flight Data 
Startlna welaht Fliaht Data 
Endlna welaht Fliaht Data 
Length of nlaht Fllaht Data 
Tlme ta cllmb Fllaht Data 
Fuel used per min -,m . c8>1 1 ce> 
Test welaht m - c3w1 n 
Standard weight Artiitmv 2 
Welaht correction factor ll13\ / l12}]A.5 
Absolute temp test (6) + 273.15 
Standard temperature Lookup table 
Absolute temp standard (6} + 273.15 
Temperature correction (15) I (17) 
factor 
Descent carrectlon (14) . (18) 
factar 
Altitude band Fliaht Data 
Elapsed time during Flight Data 
descent 
Rate of descent -((20) I (21 )] • 60 




kn / ml:ih 
min. 














N I D  
N / D  
ft 
sec 
ft I min 
ft 1 min 
1 2 
1 .  If Instrument calibration has been performed, substitute calibrated values for obserVed 
values (aHimeter, airspeed, etc.). 
2. Expected nannal operating weight. All data is reduced using a single gross weight. 






Figure E. I 
CLIMB PERFORMACE 
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